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REMARKS 

Claims 1-5 remain pending in the instant application. No amendments have been made. 
Applicants respond below to the specific rejections set forth in the final Office Action mailed 
January 13, 2005. 

Rejection under 35 U.S.C, SlOl - Utility 

The PTO has maintained the rejection of Claims 1-5 imder 35 U.S.C. § 101 as lacking 
patentable utility. The PTO argues that the claimed invention is not supported by either a 
specific and substantial asserted utility or a well established utility for the reasons of record on 
pages 3-4 of the previous Office Action, 

The PTO argues that a utility of being a diagnostic target for lung tumors is a utility that 
requires or constitutes carrying our fiirther research to identify or reasonably confirm a "real 
world" context of use. The PTO argues that the data in Example 18 merely states that the gene is 
"more highly expressed" in one tissue as compared to another. There is no guidance as to how 
high the levels are, nor the level of reproducibility or the level of reliability of the results. 
"Neither the specification nor the declarations provide any evidence that indicates what the 
differences were or whether the resuhs were statistically significant." Further, no mutation or 
translocation of PROl 158 has been associated with lung cancer. In the absence of any of this 
information, the PTO states, "all that the specification does is present evidence that the DNA 
encoding PROl 158 is amplified in an unknown number of samples" and that this is insufficient 
to meet the requirements of 35 U.S.C. §101 for the claimed antibodies. 

Applicants respectfiiUy disagree and submit that for the reasons stated below, tiie claimed 
antibodies have a credible, substantial, and specific utility. 

Utility - Le£al Standard 

According to the Utility Examination Guidelines ("Utility Guidelines"), 66 Fed. Reg. 
1092 (2001) an invention compHes with the utility requirement of 35 U.S.C. § 101, if it has at 
least one asserted "specific, substantial, and credible utiUty" or a "well-established utility." 

Under the Utihty Guidelines, a utility is "specific" when it is particular to the subject 
matter claimed. For example, it is generally not enough to state that a nucleic acid is usefiil as a 
diagnostic tool without also identifying the condition that is to be diagnosed. 

.3- BEST AVAIUBLE COPY 
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The requirement of "substantial utility^' defines a "real world" use, and derives from the 
Supreme Court's holding in Brenner v. Manson, 383 U.S. 519, 534 (1966) stating that "The basic 
quid pro quo contemplated by the Constitution and the Congress for granting a patent monopoly 
is the benefit derived by the public from an invention with substantial utility." In explaining the 
"substantial utility" standard, M.P.E.P. § 2107.01 cautions, however, that OflBce personnel must 
be careful not to interpret the phrase "immediate benefit to the public" or similar formulations 
used in certain court decisions to mean that products or services based on the claimed invention 
must be "currently available" to the public in order to satisfy the utility requirement. "Rather, any 
reasonable use that an applicant has identified for the invention that can be viewed as providing 
a public benefit should be accepted as sufficient, at least with regard to defining a ^substantial' 
utility," (M.P.E.P. § 2107.01, emphasis added). 

Indeed, the Guidelines for Examination of Applications for Compliance With the Utility 
Requirement, set forth in M.P.E.P. § 2107 n(B)(l) gives the following instruction to patent 
examiners: "If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose . . . and the assertion would be considered credible by a person of ordinary skill 
in the art, do not impose a rejection based on lack of utility." 

Utility need NOT be Proved to an Absolute Certainty - a Correlation between the Evidence and 
the Asserted Utility is Sufficient 

An Applicant's assertion of utility creates a presumption of utility that will be sufficient to 
satisfy the utility requirement of 35 U.S.C. § 101, *Hmless there is a reason for one skilled in the 
art to question the objective truth of the statement of utility or its scope." In re Langer, 503 F.2d 
1380, 1391, 183 USPQ 288, 297 (CCPA 1974). See, also In reJolles, 628 F.2d 1322, 206 USPQ 
885 (CCPA 1980); In re Irons, 340 F.2d 974, 144 USPQ 351 (1965); In re Sichert, 566 F.2d 
1154, 1159, 196 USPQ 209, 212-13 (CCPA 1977). Compliance with 35 U.S.C. § 101 is a 
question of fact. Raytheon v. Roper, 724 F.2d 951, 956, 220 USPQ 592, 596 (Fed. Cir. 1983) 
cert, denied, 469 US 835 (1984). The evidentiary standard to be used throughout ex parte 
examination in setting forth a rejection is a preponderance of the evidence, or "more likely than 
not" standard. In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). 
This is stated explicitly in the M.P.E.P.: 
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[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a 
whole, it leads a person of ordinary skill in the art to conclude that the asserted 
utiHty is more likelv than not . M.P.E.P. at § 2107.02, part VH (2004) (underline 
emphasis in original, bold emphasis added, internal citations omitted). 

The PTO has the initial burden to offer evidence "that one of ordinary skill in the art 
would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 
1436 (Fed. Cir. 1995). Only then does the burden shift to the Applicant to provide rebuttal 
evidence. Id As stated in the M.P.E.P., such rebuttal evidence does not need to absolutely prove 
that the asserted utility is real. Rather, the evidence only needs to be reasonably indicative of the 
asserted utility. 

Jn Fujikawa v. Wattanasin, 93 F.3d 1559, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996), the Court 

of Appeals for the Federal Circuit upheld a PTO decision that in vitro testing of a novel 

pharmaceutical compound was sufficient to establish practical utility, stating the following rule: 

[T]esting is often required to estabUsh practical utility. But the test results need 
not absolutely prove that the compound is pharmacologically active. All that is 
required is that the tests be ''reasonably indicative of the desired 
[pharmacological] response." In other words, there must be a sufficient 
correlation between the tests and an asserted pharmacological activity so as to 
convince those skilled in the art, to a reasonable probability, that the novel 
compound will exhibit the asserted pharmacological behavior." Fujikawa v. 
Wattanasin, 93 F.3d 1559, 1564, 39 U.S.P.Q.2d 1895 (Fed Cir. 1996) (internal 
citations omitted, bold emphasis added, italics in original). 

While the Fujikawa case was in the context of utility for pharmaceutical compounds, the 
principals stated by the Court are applicable in the instant case where the asserted utility is for a 
therapeutic and diagnostic use - utility does not have to be established to an absolute certainty, 
rather, the evidence must convince a person of skill in the art "to a reasonable probabihty." In 
addition, the evidence need not be direct, so long as there is a "sufficient correlation" between 
the tests performed and the asserted utility. 

The Court in Fujikawa relied in part on its decision in Cross v. Ilzuka, 753 F.2d 1040, 
224 U.S.P.Q. 739 (Fed. Cir. 1985). In Cross, the Appellant argued that basic in vitro tests 
conducted in cellular fractions did not establish a practical utility for the claimed compoimds. 
Appellant argued that more sophisticated in vitro tests using intact cells, or in vivo tests, were 
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necessary to establish a practical utility. The Court in Cross rejected this argument, instead 
favoring the argument of the Appellee: 

[I\n vitro results... are generally predictive of in vivo test results, i.e., there is a 
reasonable correlation therebetween. Were this not so, the testing procedures of 
the pharmaceutical industry would not be as they are. [Appellee] has not urged, 
and rightly so, that there is an invariable exact correlation between in vitro test 
results and in vivo test results. Rather, [Appellee's] position is that successful in 
vitro testing for a particular pharmacological activity establishes a significant 
probability that in vivo testing for this particular pharmacological activity will be 
successful. Cross v. Ilzuka, 753 F.2d 1040, 1050, 224 U.S.P.Q. 739 (Fed. Cir. 
1985) (emphasis added). 

The Cross case is very similar to the present case. Like in vitro testing in the 
pharmaceutical industry, those of skill in the field of biotechnology rely on the reasonable 
correlation that exists between gene expression and protein expression (see below). Were there 
no reasonable correlation between the two, the techniques that measure gene levels such as 
microarray analysis, differential display, and quantitative PGR would not be so widely used by 
those in the art. As in Cross, Applicants here do not argue that there is "an invariable exact 
correlation" between gene expression and protein expression. Instead, Applicants' position 
detailed below is that a measured change in gene expression in cancer cells establishes a 
"significant probability" that the expression of the encoded polypeptide in cancer will also be 
changed based on "a reasonable correlation therebetween." 

Taken together, the legal standard for demonstrating utility is a relatively low hurdle. An 
Applicant need only provide evidence such that it is more likely than not that a person of skill 
in the art would be convinced, to a reasonable probability, that the asserted utility is true. 
The evidence need not be direct evidence, so long as there is a reasonable correlation between the 
evidence and the asserted utility. The standard is not absolute certainty. 

Even assuming that the PTO has met its initial burden to offer evidence that one of 
ordinary skill in the art would reasonably doubt the truth of the asserted utility, Applicants assert 
that they have met their burden of providing rebuttal evidence such that it is more likely than not 
those skilled in the art, to a reasonable probability, would believe that the claimed invention is 
useful as a diagnostic tool for cancer. 
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Substantial Utility 

Summary of Applicants * Arguments and the PTO *s Response 

In an attempt to clarify Applicants' argument. Applicants offer a simimary of their 
argument and the disputed issues involved. Applicants assert that the claimed antibodies have 
utility as diagnostic tools for cancer, particularly lung cancer. Applicants are not asserting that 
the claimed antibodies necessarily provide a definitive diagnosis of cancer, but rather that they 
are useful, alone or in combination with other diagnostic tools, to assist in the diagnosis of 
certain cancers. Applicants' asserted utility rests on the following argument: 

1. Applicants have provided reliable evidence that mRNA for the PROl 158 polypeptide 
is more highly expressed in nomial lung tissue compared to lung tumor; 

2. Applicants assert that it is well-established in the art that a change in the level of 
mRNA for a particular protein, e.g. a decrease, generally leads to a corresponding change in the 
level of the encoded protein, e.g. a decrease; 

3. Given Applicants' evidence that the level of mRNA for the PROl 158 polypeptide is 
decreased in limg tumor compared to normal lung tissue, it is likely that the PROl 158 
polypeptide is differentially expressed in lung tumors. Accordingly, antibodies which bind 
PROl 158 are useful as diagnostic tools to distinguish tumor fi-om normal tissue. 

4. The claimed antibodies to PROl 158 polypeptides therefore have utiUty as diagnostic 
tools for cancer. 

Applicants understand the PTO to be making several arguments in response to 
Applicants' asserted utility: 

1. The PTO has challenged the reUability of the evidence reported in Example 18, and 
states that it does not allow a skilled artisan to differentiate amongst expression levels in order to 
diagnose any disease; 

2. The PTO argues that because no mutation or translocation of PROl 158 has been 
associated with lung cancer, the disclosure is insufficient to meet the utility requirement; 

3. Finally, the PTO states that whether or not increased levels of PRO 11 58 mRNA 
correlate with increased levels of PROl 158 protein is not an issue. 

As detailed below, Applicants submit that the PTO has failed to meet its initial burden to 
offer evidence "that one of ordinary skill in the art would reasonably doubt the asserted utility." 
In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). First, the PTO has failed 
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to offer any evidence to support its rejection of the data in Example 18 and the Declaration of 
Chris Grimaldi in support of these data. Second, the fact that no mutation or translocation of 
PRO 1 158 has been associated with lung cancer does not prevent its use as a diagnostic tool for lung 
cancer. Third, Applicants submit that given the well-estabUshed correlation between a change in 
the level of mRNA with a corresponding change in the levels of the encoded protein, the PROl 158 
protein is likely differentially expressed in lung tumors. This provides utility for antibodies to 
the PROl 158 proteins as cancer diagnostic tools. Finally, even if the PTO has met its initial 
burden. Applicants have submitted enough rebuttal evidence such that it is more likely than not 
that a person of skill in the art would be convinced, to a reasonable probabUity, that the 
asserted utility is true. As stated above, Applicants' evidence need not be direct evidence, so 
long as there is a reasonable correlation between the evidence and the asserted utility. The 
standard is not statistical or absolute certainty. 

Applicants have established that the Gene Encoding the PROl 158 Polvvevtide is Di fferentially 
Expressed in Lun£ Cancer compared to Normal Luns Tissue 

Applicants first address the PTO's argument that the evidence of differential expression 
of the gene encoding the PROl 158 polypeptide in lung tumors is insufficient. 

The gene expression data in the specification, Example 18, shows that the mRNA 
associated with protein PROl 158 was more highly expressed in normal lung tissue compared to 
lung tumor. Gene expression was analyzed using standard semi-quantitative PGR amplification 
reactions of cDNA libraries isolated fi-om different human tumor and normal human tissue 
samples. Identification of the differential expression of the PROl 158 polypeptide-encoding gene 
in tumor tissue compared to the corresponding normal tissue renders the molecule usefiil as a 
diagnostic tool for the determination of the presence or absence of timior. In support, Applicants 
previously submitted as Exhibit 1 a first Declaration of J. Christopher Grimaldi, an expert in the 
field of cancer biology. This declaration explains the importance of the data in Example 18, and 
how differential gene and protein expression studies are used to differentiate between normal and 
tumor tissue (see Declaration, paragraph 7). 

In paragraph 5 of his declaration, Mr. Grimaldi states that the gene expression studies 
reported in Example 18 of the instant application were made firom pooled samples of normal and 
of tumor tissues. Mr. Grimaldi explains that: 
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The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely 
to be accurate than data obtained from a sample from a single individual That 
is, the detection of variations in gene expression is likely to represent a more 
generally relevant condition when pooled samples from normal tissues are 
compared with pooled samples from tumors in the same tissue type. 
(Paragraph 5) (emphasis added). 

In paragraphs 6 and 7, Mr. Grimaldi explains that the semi-quantitative analysis 
employed to generate the data of Example 18 is sufficient to determine if a gene is over- or 
under-expressed in tumor cells compared to corresponding normal tissue. He states that any 
visually detectable difference seen between two samples is indicative of at least a two-fold 
difference in cDNA between the txmior tissue and the counterpart normal tissue. He also states 
that the results of the gene expression studies indicate that the genes of interest "can be used to 
differentiate tumor from normal." He explains that, contrary to the PTO's assertions, "The 
precise levels of gene expression are irrelevant; what matters is that there is a relative difference 
in expression between normal tissue and txmior tissue." (Paragraph 7). Thus, since it is the 
relative level of expression between normal tissue and suspected cancerous tissue that is 
important, the precise level of expression in normal tissue is irrelevant. Likewise, there is no 
need for quantitative data to compare the level of expression in normal and timior tissue. As Mr. 
Grimaldi states, "If a difference is detected, this indicates that the gene and its corresponding 
polypeptide and antibodies against the polypeptide are useful for diagnostic purposes, to screen 
samples to differentiate between normal and tumor." 

The PTO has stated that the Grimaldi Declaration is insufficient to overcome the rejection 
of Claims 1-5. The PTO argues that Example 18 is insufficient because it does not teach how 
high the expression level is, what the level of reproducibility or reliability is, whether the results 
are statistically significant, or the nature or nimiber of samples that were used. The PTO also 
argues that one cannot determine if the observed "amplification" is due to an increase in 
chromosomal copy niunber or an increase in transcription rates. The PTO concludes that the 
disclosure would not enable one of skill in the art to differentiate amongst expression levels to 
diagnose any disease. 

Applicants submit that the declaration of Mr. Grimaldi is based on personal knowledge of 

the relevant facts at issue. Mr. Grimaldi is an expert in the field and conducted or supervised the 

experiments at issue. Applicants remind the PTO that "[o]fifice personnel must accept an opinion 
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from a qualified expert that is based upon relevant facts whose accuracy is not being questioned." 
PTO Utility Examination Guidelines (2001) (emphasis added). In addition, declarations relating 
to issues of fact should not be summarily dismissed as "opinions" without an adequate 
explanation of how the declaration fails to rebut the Exammer's position. In re Alton 76 F.3d 
1168 (Fed. Cir. 1996). The PTO has not supplied any reasons or evidence to question the 
accuracy of the facts upon which Mr. Grimaldi based his opinion. Mr. Grimaldi has personal 
knowledge of the relevant facts, has based his opinion on those facts, and the PTO has offered no 
reason or evidence to reject either the underlying facts or his opinion. Therefore, the PTO should 
accept Mr. Grimaldi's opinion with regard to his statement that "any visually detectable 
difference seen between two samples is indicative of at least a two-fold difference in cDNA 
between the tumor tissue and the counterpart normal tissue" and that the genes of interest "can be 
used to differentiate tumor from normal." Together, these statements establish that there is at 
least a two-fold difference in expression, and that the results are reliable enough that they can be 
used to distinguish tumor from normal tissue. Finally, Applicants submit that whether this 
differential expression is due to an increase in chromosomal copy number or increased 
transcription rates is not relevant to whether the difference in expression can be used to 
distinguish timior from normal tissue. 

In conclusion. Applicants submit that the evidence reported in Example 18, combined 
with the first Grimaldi Declaration, estabUsh that there is at least a two-fold difference in 
PR01158 cDNA between lung tumor tissue and normal lung tissue. Therefore, it follows that 
expression levels of the PROl 158 gene can be used to distinguish lung tumor tissue from normal 
lung tissue. The PTO has not offered any significant arguments or evidence to the contrary. 

As Applicants explain below, it is more likely than not that the PROl 158 polypeptide is 
also differentially expressed in lung tumor tissue, and can therefore be used to distinguish lung 
tumor tissue from normal lung tissue. This provides utiUty for the claimed antibodies to the 
PROl 158 polypeptides. 

Applicants have established that the Accepted Understanding in the Art is that there is a Direct 
Correlation between mRNA Levels and the Level of Expression of the Encoded Protein 

Applicants next turn to the second portion of their argument in support of their asserted 
utility - that it is well-established in the art that a change in the level of mRNA for a particular 
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protein, generally leads to a corresponding change in the level of the encoded protein; given 
Applicants' evidence of differential expression of the mRNA for the PR01158 polypeptide in 
lung tumor, it is more likely than not that the PRO 1158 polypeptide is differentially expressed; 
and antibodies to proteins differentially expressed in certain tumors have utility as diagnostic 
tools. 

In support of the assertion that changes in mRNA are positively correlated to changes in 
protein levels, Applicants previously submitted a copy of a second Declaration by J. Christopher 
Grimaldi, an expert in the field of cancer biology (previously attached as Exhibit 2). As stated in 
paragraph 5 of the declaration, "Those who work in this field are well aware that in the vast 
majority of cases, when a gene is over-expressed... the gene product or polypeptide will also be 
over-expressed.... This same principal appUes to gene under-expression." Further, '*the 
detection of increased mRNA expression is expected to result in increased polypeptide 
expression, and the detection of decreased mRNA expression is expected to result in decreased 
polypeptide expression. The detection of increased or decreased polypeptide expression can be 
used for cancer diagnosis and treatment." The references cited in the declaration and submitted 
herewith support this statement. 

AppUcants also previously submitted a copy of the declaration of Paul Polakis, Ph.D. 

(previously attached as Exhibit 3), an expert in the field of cancer biology. As stated in 

paragraph 6 of his declaration: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above [showing a positive 
correlation between mRNA levels and encoded protein levels in the vast majority 
of cases] and my knowledge of the relevant scientific literature, it is my 
considered scientific opinion that for human genes, an increased level of mRNA 
in a tumor cell relative to a normal cell typically correlates to a similar increase in 
abundance of the encoded protein in the tumor cell relative to the normal cell. Jn 
fact, it remains a central dogma in molecular biology that increased mRNA levels 
are predictive of corresponding increased levels of the encoded protein, 
(Emphasis added). 

Dr. Polakis acknowledges that there are published cases where such a correlation does not exist, 
but states that it is his opinion, based on over 20 years of scientific research, that "such reports 
are exceptions to the conraionly understood general rule that increased mRNA levels are 
predictive of corresponding increased levels of the encoded protein." (Polakis Declaration, 
paragraph 6). 
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The statements of Grimaldi and Polakis are supported by the teachings in Molecular 
Biology of the Cell, a leading textbook in the field (Bruce Alberts, et al. Molecular Biology of 
the Cell (3"* ed. 1994) (submitted herewith as Exhibit 1) and (4* ed. 2002) (submitted herewith 
as Exhibit 2)). Figure 9-2 of Exhibit 1 shows the steps at which eukaryotic gene expression can 
be controlled. The first step depicted is transcriptional control. Exhibit 1 provides that "[f]or 
most genes transcriptional controls are paramount. This makes sense because, of all the possible 
control points illustrated in Figure 9-2, only transcriptional control ensures that no superfluous 
intermediates are synthesized." Exhibit 1 at 403 (emphasis added). In addition, the text states 
that "Although controls on the initiation of gene transcription are the predominant form of 
regulation for most genes , other controls can act later in the pathway firom RNA to protein to 
modulate the amount of gene product that is made." Exhibit 1 at 453 (emphasis added). Thus, as 
established in Exhibit 1, the predominant mechanism for regulating the amount of protein 
produced is by regulating transcription initiation. 

In Exhibit 2, Figure 6-3 on page 302 illustrates the basic principle that there is a 
correlation between increased gene expression and increased protein expression. The 
accompanying text states that "a cell can change (or regulate) the expression of each of its genes 
according to the needs of the moment - most obviously by controlling the production of its 
mRNAr Exhibit 2 at 302 (emphasis added). Similarly, Figure 6-90 on page 364 of Exhibit 2 
illustrates the path fi-om gene to protein. The accompanying text states that while potentially 
each step can be regulated by the cell, * the initiation of transcription is the most common point 
for a cell to regulate the expression of each of its genes ." Exhibit 2 at 364 (emphasis added). 
This point is repeated on page 379, where the authors state that of all the possible points for 
regulating protein expression, " [f|or most genes transcriptional controls are paramount ." Exhibit 
2 at 379 (emphasis added). 

Further support for Applicants* position can be found in the textbook, Genes VI, 
(Benjamin Lewin, Genes VI (1997)) (submitted herewith as Exhibit 3) which states "having 
acknowledged that control of gene expression can occur at multiple stages, and that production of 
RNA cannot inevitably be equated with production of protein, it is clear th at the overwhelming 
majority of regulatory events occur at the initiation of transcription ." Genes VI at 847-848 
(emphasis added). 
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Additional support is also found in Zhigang et al. World Journal of Surgical Oncology 
2:13, 2004, submitted herewith as Exhibit 4. Zhigang studied the expression of prostate stem 
cell antigen (PSCA) protein and mRNA to vaUdate it as a potential molecular target for diagnosis 
and treatment of human prostate cancer. The data showed "a high degree of correlation between 
PSCA protein and mRNA expression" Exhibit 4 at 6. Of the samples tested, 81 out of 87 
showed a high degree of correlation between mRNA expression and protein expression. The 
authors conclude that "it is demonstrated that PSCA protein and mRNA overexpressed in human 
prostate cancer, and that the increased protein level of PSCA was resulted from the upregulated 
transcription of its mRNA." Exhibit 4 at 11. Even though the correlation between mRNA 
expression and protein expression occurred in 93% of the samples tested, not 100%, the authors 
state that "PSCA may be a promising molecular marker for the clinical prognosis of human Pea 
and a valuable target for diagnosis and therapy of this tumor." Id. 

Further, Meric et al. Molecular Cancer Therapeutics, vol. 1, 971-979 (2002), submitted 
herewith as Exhibit 5, states the following: 

The fundamental principle of molecular therapeutics in cancer is to exploit the 
differences in gene expression between cancer cells and normal cells... [M]ost 
efforts have concentrated on identifying differences in gene expression at the level 
of mRNA, which can be attributable to either DNA ampUfication or to differences 
in transcription. Meric et al at 971 (emphasis added). 

Those of skill in the art would not be focusing on differences in gene expression between cancer 
cells and normal cells if there were no correlation between gene expression and protein 
expression. 

Together, the declarations of Grimaldi and Polakis, the accompanying references, and the 
excerpts and references provided above all establish that the accepted understanding in the art is 
that there is a reasonable correlation between changes in gene expression and the level of the 
encoded protein. 

In response to the second Grimaldi Declaration and the Polakis Declaration, the PTO 
makes two arguments. First, the PTO states that unlike Her2/Neu and t(5;14) discussed in the 
second Grimaldi declaration, no mutation or translocation of PRO 11 58 has been associated with 
lung cancer. The PTO concludes that in the absence of any of the above information, the disclosure 
is insufScient to meet the utility requirement. Second, the PTO states that whether or not 
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increased levels of PR01158 mRNA correlate with increased levels of PR01158 protein is not 
an issue. 

Applicants submit that a lack of known role for PRO 1 158 in cancer does not prevent its 
' use as a diagnostic tool for cancer. The fact that there is no known translocation or mutation of 
PROl 158 is irrelevant to whether its differential expression can be used to assist in diagnosis of 
cancer - one does not need to know why PROl 158 is differentially expressed, or what the 
consequence of the differential expression is, in order to exploit the differential expression to 
distinguish tumor from normal tissue. In fact the Revised Interim Utility Guidelines promulgated 
by the PTO recognize that proteins which are differentially expressed in cancer have utility. (See 
the caveat in Example 12 which state that the utility requirement is satisfied where a protein is 
expressed in melanoma cells but not on normal skin and antibodies against the protein can be 
used to diagnose cancer.) In addition, while Applicants appreciate that actions taken in other 
applications are not binding on the PTO with respect to the present application. Applicants note 
that the PTO has issued several patents claiming differentially expressed polypeptides^ antibodies 
to the polypeptides and methods employing such antibodies. (See, e.g., U.S. Patent No. 
4,141,1 17, U.S. Patent No. 6,156,500, U.S. Patent No. 6,124,433, and U.S. Patent No. 6,562,343 
, attached hereto as Exhibits 6 - 9.) 

As discussed above, Applicants respectfully disagree with the PTO's position that 
whether or not increased levels of PROl 158 mRNA correlate with increased levels of PROl 158 
protein is not an issue. Because it is more likely than not that the PROl 158 protein is also 
differentially expressed in certain tumors, antibodies to the protein can be used as a diagnostic 
tool for cancer. 

Thus, the PTO's rejection of the second Grimaldi Declaration and Polakis Declaration 
because they are viewed as insufficient or irrelevant is misplaced. Accordingly, Applicants 
submit that they have offered sufficient evidence to establish that it is more likely than not that 
one of skill in the art would believe that because the PROl 158 mRNA is more highly expressed 
in normal lung tissue compared to lung tumor, the PR01158 polypeptide will have the same 
expression pattern. This differential expression of the PROl 158 polypeptides makes antibodies 
to them usefiil as diagnostic tools for cancer. 
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The Armments made bv the PTO are not sufficient to satisfy the PTO's Initial Burden of 
Offering Evidence ''that one of ordinary skill in the art would reasonably doubt the asserted 
utility'* 

As stated above, an Applicant's assertion of utility creates a presumption of utility that 

will be sufficient to satisfy the utility requirement of 35 U.S.C. § 101, '^mless there is a reason 

for one skilled in the art to question the objective truth of the statement of utility or its scope." In 

re Langer, 503 F.2d 1380, 1391, 183 USPQ 288, 297 (CCPA 1974). The evidentiary standard to 

be used throughout ex parte examination in setting forth a rejection is a preponderance of the 

evidence, or "more likely than not" standard. In re Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 

1443, 1444 (Fed. Cir. 1992). This is stated explicitly in the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufiBcient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Listead, evidence will be sufficient if, considered as a 
whole, it leads a person of ordinary skill in the art to conclude that the asserted 
utility is more likelv than not . M.P.E.P. at § 2107.02, part VH (2004) (underline 
emphasis in original, bold emphasis added, internal citations omitted). 

The PTO has the initial burden to offer evidence "that one of ordinary skill in the art 
would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 
1436 (Fed. Cir. 1995). Only then does the burden shift to the Applicant to provide rebuttal 
evidence. Id. As stated in the M.P.E.P., such rebuttal evidence does not need to absolutely prove 
that the asserted utility is real . Rather, the evidence only needs to be reasonably indicative of the 
asserted utility. 

The PTO has not offered any arguments or cited any references to establish "that one of 
ordinary skill in the art would reasonably doubt" that antibodies to a polypeptide differentially 
expressed in certain tumors can be used as a diagnostic tool. Given the lack of support for the 
PTO's position. Applicants submit that the PTO has not met its initial burden of overcoming the 
presumption that the asserted utility is sufiBcient to satisfy the utility requirement. And even if 
the PTO has met that burden, the Applicants' supporting rebuttal evidence is sufficient to 
estabhsh that one of skill in the art would be more likely than not to believe that the claimed 
antibodies can be used as diagnostic tools for cancer, particularly lung cancer. 
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Specific Utility 

The Asserted Substantial Utilities are Specific to the Claimed Antibodies 

Applicants next address the PTO's assertion that the asserted utilities are not specific to 
the claimed antibodies to PROl 158 polypeptide. AppUcants respectfully disagree. 

Specific Utility is defined as utility which is "specific to the subject matter claimed," in 
contrast to "a general utility that would be applicable to the broad class of the invention." 
M.P.E.P. § 2107.01 L Applicants submit that the evidence of differential expression of the 
PROl 335 gene and polypeptide in certain types of tumor cells, along with the declarations and 
references discussed above, provide a specific utility for the claimed antibodies. 

As discussed above, there are significant data which show that the gene for the PROl 158 
polypeptide is more highly expressed in normal lung tissue compared to lung tumor. These data 
are strong evidence that the PRO 11 58 gene and polypeptide are associated with lung tumors. 
Thus, contrary to the assertions of the PTO, Applicants submit that they have provided evidence 
associating the PROl 158 gene and polypeptide with a specific disease. The asserted utility as a 
diagnostic tool for cancer, particularly lung tumor, is a specific utiUty - it is not a general utility 
that would apply to the broad class of antibodies. 

Conclusion 

The PTO has asserted three arguments to support its conclusion that the differential 
expression of PROl 158 is not sufficient to estabUsh utility for the claimed antibodies: (1) the 
PTO has challenged the reliability of the evidence reported in Example 18; (2) the PTO argues 
that because no mutation or translocation of PRO 11 58 has been associated with lung cancer, the 
disclosure is insufficient to meet the utiHty requirement; and (3) the PTO states that whether or not 
increased levels of PROl 158 mRKA correlate with increased levels of PROl 158 protein is not an 
issue. AppUcants have addressed each of these arguments in turn. 

First, the Applicants provided a first Declaration of Chris Grimaldi stating that the data in 
Example 18 are real and significant. This declaration also indicates that given the relative 
difference in expression levels, the disclosed nucleic acids, corresponding polypeptides, and 
antibodies have utility as cancer diagnostic tools. The PTO has not offered any substantial 
reason or evidence to question the data in Example 18, or the first Grimaldi Declaration. 
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Second, Applicants have demonstrated that it is not necessary to know the cause or 
consequence of the differential expression of PR01158 nucleic acids and polypeptides in certain 
tumors in order to use antibodies to the polypeptides as diagnostic tools for cancer. 

Third, Applicants have shown that the second Grimaldi Declaration and Polakis 
Declaration, the accompanying references, as well as the excerpts and references cited above, 
demonstrate that it is well-established in the art that a change in mRNA levels generally 
correlates to a corresponding change in protein levels. The PTO has not offered any substantial 
reason or evidence to question these declarations and supporting references. One of skill in the 
art will recognize that antibodies to polypeptides differentially expressed in certain cancers have 
utility as diagnostic tools for cancer. 

Finally, the PTO asserts that there is no asserted specific utility. Applicants have pointed 
out that the substantial utiUties described above are specific to the claimed antibodies because the 
PRO 1158 gene and polypeptide are differentially expressed in certain cancer cells compared to 
the correspondmg normal cells. This is not a general utility that would apply to the broad class 
of antibodies. 

Given the totality of the evidence provided, Applicants submit that they have established 

a substantial, specific, and credible utility for the claimed antibodies as diagnostic tools. 

According to the PTO Utility Examination Guidelines (2001), irrefiitable proof of a claimed 

utility is not required. Rather, a specific, substantial, and credible utility requires only a 

"reasonable" confirmation of a real world context of use. Applicants remind the PTO that: 

A small degree of utility is sufficient . . . The claimed invention must only be 
capable of performing some beneficial fimction ... An invention does not lack 
utility merely because the particular embodiment disclosed in the patent lacks 
perfection or performs crudely ... A commercially successfiil product is not 
required . . . Nor is it essential that the invention accomplish all its intended 
functions ... or operate under all conditions . . . partial success being sufficient to 
demonstrate patentable utility ... In short, the defense of non-utility cannot be 
sustained without proof of total incapacity. If an invention is only nartiallv 
successfiil in achieving a usefixl result, a rejection of the claimed invention as a 
whole based on a lack of utility is not appropriate. M.P.E.P. at 2107.01 (underline 
emphasis in original, bold emphasis added, citations omitted). 

Applicants submit that they have established that it is more likely than not that one of 
skill in the art would reasonably accept the utihty for the claimed polypeptides relating to 
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PR01335 set forth in the specification. In view of the above, Applicants respectfully request that 
the PTO reconsider and withdraw the utility rejection under 35 U.S.C. §101. 

Rejections under 35 U,S,C, §112, first paragraph - Enablement 

The PTO also rejects Claims 1-5 under 35 U.S.C. § 112, first paragraph, as lacking 
enablement because the claimed invention is not supported by either a specific or substantial 
asserted utility or a well-established utility. 

Applicants submit that in the discussion of the 35 U.S.C. § 101 rejection above, 
Applicants have established a substantial, specific, and credible utility for the claimed antibodies. 
Apphcants respectfully request that the PTO reconsider and withdraw the enablement rejection 
under 35 U.S.C. §112. 



The present appUcation is believed to be in condition for allowance, and an early action to 
that effect is respectfully solicited. Applicants invite the Examiner to call the undersigned if any 
issues may be resolved through a telephonic conversation. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 1 1-1410. 



Conclusion 



Respectfully submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP 




AnneMarie Kaiser C 
Registration No.V^,649 
Attorney of Record 
Customer No. 30,313 
(619) 235-8550 
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5. If these minor cell proteins differ among ceils to the same extent as the 
abundant proteins, as is commonly assumed, only a small nxmiber of pro- 
fcdn differences (perhaps several htmdred) suffice to create very large differences 
morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
in Response to External Signals ^ 

Most of the specialized ceUs in a muIticeUuIar organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
^peci&c proteins is dramaticaUy increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine ammo- 
transferase, which helps to convert tyrosine to glucose. When the hormone is ho 
longer present, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
otiier cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell specializatioiv^-different cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this speci^ation are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein ^ 

If differences between the various cell types of an organism depend on the par- 
ticular genes that tiie cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling v/hen and how often a given gene is transcribed (tran- 
saiptional control), (2) controlling how the primary RNA transcript is spliced or 
othenvise processed (RNA processing control), (3) selecting which completed 
mRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(translational control), (5) selectively destabilizing certain mRNA molecules in 
tiie cytoplasm (mRNA d^radation control), or (6) selectively activating, inacti- 
vating, or compartmentalizing specific protein molecules after they have been 
made (protehi activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 9-2, only transcrip- 
tional control ensures that no superfluous intermediates are synthesized. In the 




^Ovcrvii 



iew of Gene Control 



Figure 9-2 Six steps at which 
eucaiyote gene expression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteoiytic 
degradation. 
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foDowing sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to tiie other 
ways of regulating gene expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands ofdiffermt protein and RNA molecules. A cell typically expresses only d 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
(tf genes they express in response to charges in their environment such as signals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is Ike most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins ^ 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
repon of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors* responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 

Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics ^ 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new vims particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in protfeins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 




Figure 9-3 Double-helical structur* 
of DNA. The major and minor grooves 
on the outside of the double helix ^ 
indicated. The atoms are colored as 
follows: carbon, liarib Wu^' nitrogen* 
//ghr Wue; hydrogen, u;Wre; oxygeft ■ 
red; phosphorus, yellow. 
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both the marked deficiency of CG 
sequences and the presence of CG 
islands in vertebrate genomes. A 
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die location of a methylated CG 
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Summary 

The many types of cells in animals and plants are created largely throng mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
cialized animal cells can maintain their unique character when grown in culture, the 
pae regulatory mechanisms involved in creating them must be stable once estab- 
Med and heritable when the cell divides, endowing the cell with a memory of its 
developmental history, Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
evant to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a compeUUve interaction between two (or more) gene regulatory pro- 
teinst each of which inhibits the synthesis of the other; this can create a flip-flop 
switch that switches a ceU between two alternative patterns of gene expression. DU 
rea or indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thoi^t that each type of cell in a higher eucaryotic organism 
cankdns a specific combination of gene regulatory proteins that ensures the expres- 
ifoif of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expressioru In ver- 
Uimtes DNA methylatipn also plays a part, mainly as a device to reinforce decisions 
about gene expression that are made initially by other mechanisms. 



Posttranscriptional Controls 

Although controls on the hiitiation of gene transcription are the predominant 
fonn of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate the amount of gene product that is made. Al- 
though these posltranscriptionai controis> which operate after RNA polymerase 
has bound to the gene's promoter and begun RNA synthesis, are less common 
^^transcriptional control, for many genes they are crucial. It seems that every 
step in gene expression that couId.be controlled in principle is likely to be regu- 
ated under some circiunstances for some genes. 

We consider the varieties of posttranscriptional regulation in temporal or- 
% according to the sequence of events that might be experienced by an RNA 
'Molecule after its transcription has begun (Figure 9-72). 
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Figure 9-72 Possible post- 
transcriptional controls on gene 
expression. Only a few of these 
controls are likely to be used for any 
one gene. 
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FROM DNA TO RNA 

Ihunscription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of Its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA. 



Figure 6-3 Genes can be expressed 
with different efficiencies. Gene A u 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of protein A in the cell to be 
much greater Chan that of protern B. 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a ceD takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA — 
the language of a nucleotide sequence. Hence the name transcription. 

like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked togetiier by phosphodiester bonds (Figure 6-4). It differs from 
DNA chemically in twtf respects: (1) the nucleotides in RNA are 
ribonucleotides—ihdX is, they contain the sugar ribose (hence the name nfeonu- 
cleic acid) ratiier than deo^giibose; (2) althoug^i, like DNA, RNA contains tiie 
bases adenine (A), guanine (G), and cytosine (Q, it contains the base uracil (U) 
instead of the tiiymine (T) in DNA Since U, like X can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U), It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally 

Despite tiiese small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single -stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Chapter 6 : HOW CBULS READTHE GBsiOME FROM DNATO PROTDN 




Figure 6-89 Protein aggregates that cause human disease. (A) Schematic Illustration of the type of 
conformational change in a protein that produces material for a cross-beta filament. (B) Diagram Illustrating 
the self-infectious nature of the protein aggregation that Is central to prion diseases. PrP Is highly unusual 
because the misfolded version of the protein, called PrP*, induces the nbrmal PrP protein it contacts' to 
chaise Its confomiation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especiaJly prone to agg;regation, but because this structure Is 
not infectious m this way, H cannot spread from one animal to another. (C) Drawing of a cross-beta filament 
a common type of protease-reslstant protein aggregate found in a variety of human neurolo^cal diseases. 
Because the hydrogen-bond interactions In a P sheet form between polypeptide bacld>one atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two a>hellces into four 
p-sQ'ands. Although the structure of the normal protein has been detemuned accurately, the structure of the 
infectious form Is not yet known with certain^ because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpell. adapted from M. Sunde et al..Jl Mol dlol 273:729-739, 
1 997; O, adapted from Prusiner, Trends Bfocftem. Scf. 21:482-^87, 1996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSB (commonly referred 
to as the '^d cow disease") from catde to humans in Great Britain. 

Fortunatdyp in the absence of PrP% PrP is extraordinarily difficult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious "protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a propeiiy folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with vMcii each of the many steps 
is performed 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to Aeir needs. In principle, any or all of tfie steps in Flg- 
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Figure 6-90 The production of a 
protein by a eucaryotic celLThe final 
level of each protein in a eucaryotic celj 
depends upon the efficiency of each step 
depicted. 



ure 6-^0) could be regulated by the cell for each individual protein. However, as 
^ we shall see in Oiapter 7, the initiation of transcription is the most common 
point for a cell to regulate the ejqpression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step— the transcription of its DNA sequence into an BNA 
molecula 



Summary 

The translation of the nucleotide sequence of an mRNA molecule Into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly called a ribosome. The 
amino adds used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recoffiixes, by complementary base-pair interactions, par- 
Ucularsets of three nucleotides in the mBNA (codons). The sequence of nucleotides in 
the mRNA is then readfirom one end to the other in sets of three according to the 
genetic code. 

To Initiate translation, a small ribosomal subunU binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator OINA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aniinoacyl tRNAs-^-each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anticodon. Bach amino add is added to the 
O-termtnal end of the growing polypeptide by means of a cyde of^ree sequential 
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Figure 7-^ Six steps at which 
eucaryotic gene expression can be 
conttt>lled. Controls that operate at 
steps I through 5 are discussed iq this 
chapter. Step 6, the regulation of protein 
actMty.fndudes reversible actuation or 
inactivatlon by protein phosphorylation" 
(discussed in Chapter 3) as well as 
irreversible Inactlvation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
In the Pathway from DNA to RNA to Protefn 

If differences among the various ceU types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in Ae last chapter, there are many steps in the pathway 
leading from DNA to protein, and aD of them can m principle be regulated. Thus 
a ceU can control the proteins it makes by (1) controlling vAen and how often a 
given gene is transcribed (traniscriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (BNA processhig control). (3) 
selecting which completed mRNAs in the ceU nudeus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting vk^ch mRNAs in the cytoplasm are translated 
byribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degradfaig, or compartmentalizmg specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount This makes sense 
because, of all the possible control points illustrated in Hgure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to die additional ways of regulating gene 
expxes^oxL 



Summary 

The genome ofa ceU contains in Us DNA sequence the information to make many 
thousands ofd^mU protein and RNA molecules. A ceU typically expresses only a 
fraction of its genes, and the different types of cells in multicdlular organisms a^^ 
because different sets of genes are expressed. Moreover, cells can chaise the pattern 
of genes /feep express in response to changes in their environment, such as signals 
from other ceUs.AWwui^aaofthe steps involved in express^g a gene can inprin- 
ciple be regulated, fbr most genes the ini^adon of RNA transcription is the most 
. important point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine v*ich of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, die transcription of each gene is con- 
tolled by a regulatory region of DNA relatively near die site where transcription 
oegins. Some regulatory regions are simple and act as switches that are thrown 
. oy a single signal. Many others are complex and act as tiny microprocessors, 
req)onding to a variety of signals tiiat they interpret and hitegrate to switch tixe 
neighboring gene on or off. Whether compile or sunple, these switching devices 
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occur in the germ line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA hi vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired However promoters of genes that remain active 
In the germ cell lineages (including most housekeeping geixes) are kept 
unmethylated, and therefore spontaneous deaminations of Cs that occiir with- 
in them can be accurately repaired. Such regions are preserved in modem day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cydes and even when grown in culture, the gene regulatory mechanisms 
involved in creating them must be stable once established and heritable when the 
cea divides. These features endow the cell wUh a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
oOten this can create a flip-flop switch that switches a ceU between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general medh" 
anismfor cell memory Negative feedback loops with programmed delays form the 
basis for cellular clocks. 

Ineucaryotes the transcription ofa gene is generally controlled by cornbinations 
of gene regidatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eticaryotic oesUs to regular gene expression. An espe- 
cially dramatic case is the inactivation of an entireXchromosome in female mam- 
mals. In vertebrates DNA medrylation also ftmcHons in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic imprinting in mammals, in which ^ expression of a gene depends on 
wheOier: U was inherited fivm the moOwr or the father. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the mitiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protehi to modulate 
the amount of gene product that is made Although these posttranscriptional 
controls, vAdch operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common tfian transcriptional &>ntrol for 
many genes they are crucial. 
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Figure 7«66 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
Into CG islands In .vertebrate 
genomes. A bfock tine marks the location 
of a CG dinu'deoti'de In the DNA 
sequence, while a red "lollipop" indicates 
the presence of a methyl group on the 
CG dinucleotlde. CG sequences that lie Tn 
regulatory sequences of genes that are 
transcribed in germ cells are unmethylated 
and therefore tend to be retained in 
evolution. Methylated CG sequences, on 
the o^er hand, tend to be lost through 
deamination of 5-methyl C toT, unless the 
CG sequence is critical for survival. 
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CHAPTER 29 



Regulation of transcriptioii 



Tlif plm«Dt]n|}ic dilTerencts llim dblhi^ish the 
vAftOiis k-M^tl!^ iflls in «i lUgl)t*r vutiaryute are 
\f^r^t\\' dcir (0* dflfifrcrnres iii thtf expression of 
^en^s tbol cotle fnr pmiein^. llinl is. (ho.se tran- 
fftilicd hy RNA |W»l,viiif rnsf \l In principle. Uie 
fxpression uf Ihesf iieiu's mi^'Ul lie re^ulaied al 
any several sinf es. Tl>e CDnrepi of ilie 

-Ifvcl of conU'or implies ihni gene expression 
' is riol necessarily nii auconiaiic process once il 
has begun. Il could he re|Eiilaied In* a gene- 
jpecific u-ar ai any one of several sequential 
steps. We can tli^tin^tusli <oi tea^) lire poteii^ 
lial control points, fonnlii^ ilte 5eries: 

Aclivatinn or geoi* siriu-iuiv 
i 

'Initialinn of Iran5mpiitifi 
i 

pra(vs5Ung ihe Ii7iiii^*rif]| 
I 

ti9n$poi\ to ryio]ilasm 
1 

TranslaliMi of niHNA 

Tlie exwIcMfe of Ihr firsl alep is inii^lird l>y 
ihe clrsnmiy lltul ^eiies uioy exisi In either or 
iwi stnictuml conditions. Itelailvr li> ihe slate 
nf niosi of the grnonie. (^cncs ore rouucl in 
mi Mclive* stale in ihe cells in uTilch they 
an? expressed (see Cliapter 2T). Tlic clvan^e ot 
structure 1% disUncI fnnn Ihe acl «t Iranscnp- 
lioo« and indicales (liat Ihe pene is Iranscrib- 
able/ This suggests lhai acquisition of the 
^active" structure must be the first step in gene 
expression. 

Transcription of a gene in the adive stale is 



controlled al ihe slagr of iniilfUlon. thai Is. by 
the interaction of RNA polyiuerase with its pni- 
moier. 11iis Is now becoming susceptible lo 
analysis In (he /« vitro s\^te.ins (jver Chapter 
For mo5l fcnes. ttils 1.^ a niaior routrnl 
point: probably it is (lie most cmninon level of 
regnlailnn. 

There is at present no evidence for control 
al subsequeiu stages of transcription In eukary* 
olic cells» for example^ via antiterminalion 
niechaAisms. 

The primary iranscript Is m6<lftied liy capping 
at ilie 5' end. and usually also by polyadenyla- 
lion at the 3' end. Imrons inusi \>c spUccd out 
fruin the transcripts of interrnpted genes. The 
mature RNA must lie expotied trnin the nucleus 
lo Ilie c\toplaMii. fVcfnilniicui of £tene expression 
by selection of sequencTs ni ihe Irvef of nuclear 
RXA nil{!ltt involve nny cu' all of. these stages, 
but the one Tor whidi n-e have most evidence 
concem.<i (1iange.« in splicing: foine genes are 
e^spnrssed bv means uf iiUeninilve splicing pot* 
(ems vWuise reguhUion controls Ihe lyjie or pro- 
tein pro<lurt Chapter .iu). 

Finally. Ihe ironslnlion ofnn mKNA In the olo- 
plasm can be spectilcalty controlled. Tliere Is liule 
evidence for Ihe etnplo)ineiit of this medianism in 
adult somatic cells. bu| it iloes occur hi some 
enibnunir sUuHlions, as described in Ch^ipler *. 
-The meehaoism is presumed lo involve the block- 
ing of inliiftilon or irnnslaiioii of some mflNAs by 
specific protein factors. 

But having acknowledged that control of gene 
expression can occur at multiple stages^ and 
that production of RNA cannot inevitably be 
equated uith production or proteiOi it Is clear 



m I Chapter 29 



that the ovenvheiming ' majority <»r regulatory 
. events occur at ihe initiation of transorijition. 
Regulation uf tissue -sped flc gene iranscripUon 
ties at the heart of eukaryotic dilTerentialioii; 
indeed, we see examples in Chapter 38 in 
which proteins lliat regulate emt>fYQn(c devel- 
opment prove to be transcription factors. A reg* 
ulatory transcription Tactor serves to provide 



common control of a large number of Ur^i 
genes, and we seek to answer two questions 
about this mode of regulation: wh^t identiries 
the common target genes to the tFanscriptlon 
faciori and how Is the activity or the iranscrip- 
tion factor itself regulated in response to Imriu- 
sic or extrinsic signals? 



Response elements idcnliry genes under common 
regulation 



The principle that emerges from chara'cterizing 
groups of genes under common tronlrol is tlial 
(hey share a promoter eianenl thai is ncognizid 
by a ngutatoo' traasaiption Jactor. An element 
that causes 4 gene to respond to such a factor 
is called a response elements examples are the 
HSE (heat shock response element), GRE 
(glucocorticoid response ctement), SRC (scrum 
response element). 

The properties of some inducible transcription 
factors and lite elmients that they recognize are 
summarixed in. Table 29.1. Besponse elements 
have the same general characteristics as 
upstream elements of promoters or eidiancers. 
Tliey contain short consensus sequences, and 
copies of the response elements found in dif* 
ferent genes are closely related, but not neces- 
sarily Identical. The region bound by the factor 
extends for* a short distance on either side of 



Table 29.1 lRdL;ci:;5e transcr:pi.on facicrs bind ic 
rosponsu eliimenls thai icfcnl.fy Q:ci;ps cf pomcieis 
or eihuncars subject lo coc/dinotG corircl. 



RagutAloiy Agent Modulft Consensus 



Heaiiho€ii 



Factor 
HSJP 



Senim 



HSE CNNGAANNTCCNNQ 

one TGQTACAAATGTTCT 

T«E TGftCTCA API 

SRE CCATATTAGC 8HF 



the consensus sequence. In promoters, the elf- 
ments are not present at Axed distances from 
the siartpoint, but' are usually <200 bp upsirtam 
of it. The presence of a single element usuatt; 
is suOldem to confer the- regulatoiy response, 
but sometimes there are multiple copies. 

Response elements may be located in 
meters or In enhancers. Some types of element 
are topically found In one rather than the ^rthrr. 
usually an HSE is found in a promoter, ^bi^^ * 
CR£ is found in an enhancer. We assume th^t 
all response etements function by the sant^ 
general principle. A gtne is regulated ^ 
sequence at tite promoter or enhancer that ^ 
recognized py a specific protein. Vtc P'^^ 
functions as a transcription factor nced^^, 
/WH potyinerasc to initiate.' Active prottia ^ 
avaiiatfle onty tinder conditions when the, 
to be expressed; its absence means thai 
mater- is not actioaied by this particutar 
.An example of a situation in which 
genes arc controlled by a single factor I* 
\ided by the heat shock response. This ^ 
mpn lo a wide range of prokotyotes 
eti&aryotes and Involves multiple ,„ff 
gene expression: an Increase In temp*''* 
turns off transcription of some genes. 
transcription of the heat shock 6^^*^.^^ 
causes changes in the translation ot 
The control of the heat shock genes Uj*'*^ ^^^A 
the differences between prokaryoi*^ 
eukaryotic modes of control In. bacterid* 
Sigma factor Is synthesized that <^^'^'^^)tr^ 
polymerase holoenzyme to recognizt? oo* 
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Abstract 
Background 

Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly- 
6 family of glycosylphosphatldylinosltol (GPI)-anchored cell surface antigens. The 
purpose of the present study was to examine the expression status of PSCA protein 
and mRNA in clinical specimens of human prostate cancer (Pea) and to validate it 
as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods 

Immunohistochemical (IHC) and In situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 
benign prostatic hyperplasia (BPH), 20 prostatic intraepithelial neoplasm (PIN) and 
48 prostate cancer (Pea) tissues, including 9 androgen-independent prostate 
cancers. The level of PSCA expression was semlquantitatively scored by assessing 
both the percentage and intensity of PSCA-positive staining cells in the specimens. 
Then compared PSCA expression between BPH, PIN and Pea tissues and analysed 
the correlations of PSCA expression level with pathological grade, clinical stage and 
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progression to androgen-independence in Pea. 
Results 

In BPH and low grade PIN, PSCA protein and nnRNA staining were weal< or negative 
and less intense and uniform than tliat seen in HGPIN and Pea. There were 
moderate to strong PSCA protein and mRNA expression in 8 of 11 (72.7%) HGPIN 
and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, with 
statistical signiflcanee compared with BPH (20%) and low grade PIN (22.2%) 
samples (p < 0.05, respectively). The expression level of PSCA Increased with high 
Gleason grade, advanced stage and progression to androgen-independence (p < 
0.05, respectively). In addition, IHC and ISH staining showed a high degree of 
correlation between PSCA protein and mRNA overexpression. 

Conclusions 

Our data demonstrate that PSCA as a new cell surface marker is overexpressed by 
a majority of human Pea. PSCA expression correlates positively with adverse tumor 
characteristics, such as increasing pathological grade (poor cell differentiation), 
worsening clinical stage and androgen-independence, and speculatively with 
prostate carcinogenesis. PSCA protein overexpression results from upregulated 
transcription of PSCA mRNA. PSCA may have prognostic utility and may be a 
promising molecular target for diagnosis and treatment of Pea. 
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Prostate cancer (Pea) is the second leading cause of cancer-related death in 
American men and Is becoming a common cancer increasing in China. Despite 
recently great progress in the diagnosis and management of localized disease, 
there continues to be a need for new diagnostic markers that can accurately 
discriminate between indolent and aggressive variants of Pea. There also continues 
to be a need for the identification and characterization of potential new therapeutic 
targets on Pea cells. Current diagnostic and therapeutic modalities for recurrent 
and metastatic Pea have been limited by a lack of specific target antigens of Pea. 

Although a number of prostate-specific genes have been identified (i.e. prostate 
specific antigen, prostatic acid phosphatase, glandular kallikrein 2), the majority of 
these are secreted proteins not ideally suited for many immunological strategies. 
So, the identification of new cell surface antigens Is critical to the development of 
new diagnostic and therapeutic approaches to the management of Pea. 

Reiter RE et al [1] reported the identification of prostate stem cell antigen (PSCA), 
a cell surface antigen that is predominantly prostate specific. The PSCA gene 
encodes a 123 amino acid glycoprotein, with 30% homology to stem cell antigen 2 
(Sea 2). Like Sca-2, PSCA also belongs to a member of the Thy-l/Ly-6 family and 
Is anchored by a glycosylphosphatidylinosltol (GPI) linkage. mRNA in situ 
hybridization (ISH) localized PSCA expression in normal prostate to the basal cell 
epithelium, the putative stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor cells. 

In order to examine the status of PSCA protein and mRNA expression in human Pea 
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^ and validate it as a potential diagnostic and therapeutic target for Pea, we used 

immunohistochemistry (IHC) and in situ hybridization (ISH) simultaneously, and 
! conducted PSCA protein and mRNA expression analyses In paraffin-embedded 

^ tissue specimens of benign prostatic hyperplasia (BPH, n = 20), prostate 

intraepithelial neoplasm (PIN, n = 20) and prostate cancer (Pea, n = 48). 
Furthermore, we evaluated the possible correlation of PSCA expression level with 
Pea tumorigenesis, grade, stage and progression to androgen-lndependence. 
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Tissue samples 

All of the clinical tissue specimens studied herein were obtained from 80 patients of 
57_84 years old by prostatectomy, transurethral resection of prostate (TURP) or 
biopsies. The patients were classified as 20 cases of BPH, 20 cases of PIN, 40 cases 
of primary Pea, including 9 patients with recurrent Pea and a history of androgen 
ablation therapy (orchiectomy and/or hormonal therapy), who were referred to as 
androgen-independent prostate cancers. Eight specimens were harvested from 
these androgen-independent Pea patients prior to androgen ablation treatment. 
Each tissue sample was cut Into two parts, one was fixed In 10% formalin for IHC 
and the other treated with 4% paraformaldehyde/O.l M PBS PH 7.4 In 0.1% DEPC 
for 1 h for ISH analysis, and then embedded in paraffin. All paraffin blocks 
examined were then cut into 5 jxm sections and mounted on the glass slides 
specific for IHC and ISH respectively in the usual fashion. H&E-stained section of 
each Pea was evaluated and assigned a Gleason score by the experienced 
urological pathologist at our institution based on the criteria of Gleason score [2]. 
The Gleason sums are summarized in Table 1. Clinical staging was performed 
according to Jewett-whitmore-prout staging system, as shown in Table 2. In the 
category of PIN, we graded the specimens into two groups, i.e. low grade PIN 
(grade I - II) and high grade PIN (HGPIN, grade III) on the basis of literatures 
[3,4]. 

Immunohistochemical (IHC) analysis 

Briefly, tissue sections were deparaffinized, dehydrated, and subjected to 
mierowaving in 10 mmol/L citrate buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 
W oven for 5 min to induce epitope retrieval. Slides were allowed to cool at room 
temperature for 30 min. A primary mouse antibody specific to human PSCA 
(Boshide, Wuhan, China) with a 1:100 dilution was applied to incubate with the 
slides at room temperature for 2 h. Labeling was detected by sequentially adding 
biotinylated secondary antibodies and strepavidin-peroxidase, and localized using 
3,3'-diaminobenzidlne reaction. Sections were then counterstained with 
hematoxylin. Substitution of the primary antibody with phosphate-buffered-saline 
(PBS) served as a negative-staining control. 



mRNA in situ hybridization (ISH) 

Five-jim-thick tissue sections were deparaffinized and dehydrated, then digested in 
pepsin solution (4 mg/ml in 3% citric acid) for 20 min at 37.5°C, and further 
processed for ISH. DIgoxigenln-labeled sense and antlsense human PSCA RNA 
probes (obtained from Boshide, Wuhan, China) were hybridized to the sections at 
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A8^C overnight. The posthybridization wash with a high stringency was performed 
sequentially at 37°C In 2 x standard saline citrate (SSC) for 10 min, in 0.5 x SSC 
for 15 min and in 0.2 x SSC for 30 min. The slides were then Incubated to 
biotinylated mouse anti-digoxigenin antibody at 37.5^C for 1 h followed by washing 
in 1 X PBS for 20 min at room temperature, and then to strepavldin-peroxidase at 
37.5«>C for 20 min followed by washing in 1 x PBS for 15 min at room temperature. 
Subsequently, the slides were developed with diaminobenzidine and then 
counterstained with hematoxylin to localize the hybridization signals. Sections 
hybridized with the sense control probes routinely did not show any specific 
hybridization signal above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA immunostaining and 
mRNA in situ hybridization, the same scoring manners are taken in the present 
study for PSCA protein staining by IHC and PSCA mRNA staining by ISH. Each slide 
was read and scored by two Independently experienced urological pathologists 
using Olympus BX-41 light microscopes. The evaluation was done in a blinded 
fashion. For each section, five areas of similar grade were analyzed 
semiquantltatlvely for the fraction of cells staining. Fifty percent of specimens were 
randomly chosen and rescored to determine the degree of interobserver and 
intraobserver concordance. There was greater than 95% intra- and interobserver 
agreement. 

The intensity of PSCA expression evaluated microscopically was graded on a scale 
of 0 to 3+ with 3 being the highest expression observed (0, no staining; 1+, mildly 
intense; 2+, moderately Intense; 3+, severely intense). The staining density was 
quantified as the percentage of cells staining positive for PSCA with the primary 
antibody or hybridization probe, as follows: 0 = no staining; 1 = positive staining in 
<25% of the sample; 2 = positive staining in 25%-50% of the sample; 3 = 
positive staining in >50% of the sample. Intensity score (0 to 3+) was multiplied 
by the density score (0-3) to give an overall score of 0-9 [1,5]. In this way, we 
were able to differentiate specimens that may have had focal areas of increased 
staining from those that had diffuse areas of increased staining [6]. The overall 
score for each specimen was then categorically assigned to one of the following 
groups: 0 score, negative expression; 1-2 scores, weak expression; 3-6 scores, 
moderate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expression in BPH, PIN and Pea 
tissues were compared using the Chi-square and Students t-test. Univariate 
associations between PSCA expression and Gleason score, clinical stage and 
progression to androgen-independence were calculated using Fisher's Exact Test. 
For all analyses, p < 0.05 was considered statistically significant. 



Outline Results 

Abstract PSCA expression in BPH 
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Figures 




Figure 1 

Representatives of PSCA 
IHC and ISH staining in Pea 
(A. IHC staining, B. ISH 
staining, x200 
magnification) 



In general, PSCA protein and mRNA were expressed weakly in individual samples of 
BPH. Some areas of prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite score 0). Four cases 
(20%) of BPH had moderate expression of PSCA protein and mRNA (composite 
score 4-6) by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA mRNA expression 
was moderate (composite score 3-6), but PSCA protein expression was weak 
(composite score 2) in one and negative (composite score 0) in the other. PSCA 
expression was localized to the basal and secretory epithelial cells, and prostatic 
stroma was almost negative staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of PSCA protein and mRNA 
(^2 scores) in 7 of 9 (77.8%) low grade PIN and in 2 of 11 (18.2%) HGPIN, and 
moderate expression (3-6 scores) in the rest 2 low grade PIN and 5 of 11 (45.5%) 
HGPIN. One HGPIN with moderate PSCA mRNA expression (6 score) was found 
weak staining for PSCA protein (2 score) by IHC. Strong PSCA protein and mRNA 
expression (9 score) were detected in the remaining 3 of 11 (27.3%) HGPIN. There 
was a statistically significant difference of PSCA protein and mRNA expression 
levels observed between HGPIN and BPH (p < 0.05), but no statistical difference 
reached between low grade PIN and BPH (p > 0.05). 



PSCA expression in Pea 



In order to determine if PSCA protein and mRNA can be detected in prostate 
cancers and If PSCA expression levels are increased in malignant compared with 
benign glands. Forty-eight paraffin-embedded Pea specimens were analysed by IHC 
and ISH. It was shown that 19 of 48 (39.6%) Pea samples stained very strongly for 
PSCA protein and mRNA with a score of 9 and another 21 (43.8%) specimens 
displayed moderate staining with scores of 4-6 (Figure 1). In addition, 4 specimens 
with moderate to strong PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea expressed a significantly 
higher level of PSCA protein and mRNA than any other specimen category In this 
study (p < 0.05, compared with BPH and PIN respectively). The result 
demonstrates that PSCA protein and mRNA are overexpressed by a majority of 
human Pea. 

Correlation of PSCA expression witli Gleason score in Pea 

Using the semi-quantitative scoring method as described In Materials and Methods, 
we compared the expression level of PSCA protein and mRNA with Gleason grade 
of Pea, as shown in Table 1. Prostate adenocarcinomas were graded by Gleason 
score as 2-4 scores = well-differentiation, 5-7 scores = moderate-differentiation 
and 8-10 scores = poor-differentiation [7]. Seventy-two percent of Gleason scores 
8-10 prostate cancers had very strong staining of PSCA compared to 21% with 
Gleason scores 5-7 and 17% with 2-4 respectively, demonstrating that poorly 
differentiated Pea had significantly stronger expression of PSCA protein and mRNA 
than moderately and well differentiated tumors (p < 0.05). As depicted In Figure 1, 
IHC and ISH analyses showed that PSCA protein and mRNA expression in several 
cases of poorly differentiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA expression increases 
significantly with higher tumor grade In human Pea. 
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Correlation of PSCA expression with clinical stage in Pea 

With regards to PSCA expression in every stage of Pea, we showed the results in 
Table 2. Seventy-five percent of locally advanced and node positive cancers (i.e. C- 
D stages) expressed statistically high levels of PSCA versus 32.5% that were organ 
confined (i.e. A-B stages) (p < 0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in human Pea. 

Correlation of PSCA expression with androgen-independent 
progression of Pea 

All 9 specimens of androgen-independent prostate cancers stained positive for 
PSCA protein and mRNA. Eight specimens were obtained from patients managed 
prior to androgen ablation therapy. Seven of eight (87.5%) of these androgen- 
independent prostate cancers were in the strongest staining category (score = 9), 
compared with three out of eight (37.5%) of patients with androgen-dependent 
cancers (p < 0.05). The results demonstrate that PSCA expression increases 
significantly with progression to androgen-independence of human Pea. 

It is evident from the results above that within a majority of human prostate 
cancers the level of PSCA protein and mRNA expression correlates significantly with 
increasing grade, worsening stage and progression to androgen-independence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the results of PSCA IHC staining 
with mRNA ISH analysis. Positive staining areas and its intensity and density scores 
evaluated by IHC were Identical to those seen by ISH in 79 of 88 (89.8%) 
specimens (18/20 BPH, 19/20 PIN and 42/48 Pea respectively). Importantly, 27/27 
samples with PSCA mRNA composite scores of 0-2, 32/36 samples with scores of 
3-6 and 22/24 samples with a score of 9 also had PSCA protein expression scores 
of 0-2, 3-6 and 9 respectively. However, in 5 samples with PSCA mRNA overall 
scores of 3-6 and in 2 with scores of 9 there were less or negative PSCA protein 
expression (I.e. scores of 0-4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by PSCA mAb may be 
obscured in some cancers. The data demonstrate that the results of PSCA 
immunostaining were consistent with those of mRNA ISH analysis, showing a high 
degree of correlation between PSCA protein and mRNA expression. 



Outline Discussion 
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PSCA is homologous to a group of cell surface proteins that mark the earliest phase 
of hematopoietic development. PSCA mRNA expression Is prostate-specific in 
normal male tissues and is highly up-regulated In both androgen-dependent and- 
independent Pea xenografts (LAPC-4 tumors). We hypothesize that PSCA may play 
a role In Pea tumorigenesis and progression, and may serve as a target for Pea 
diagnosis and treatment. In this study, IHC and ISH showed that In general there 
were weak or absent PSCA protein and mRNA expression In BPH and low grade PIN 
tissues. However, PSCA protein and mRNA are widely expressed In HGPIN, the 
putative precursor of invasive Pea, suggesting that up-regulation of PSCA is an 
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early event in prostate carcinogenesis. Recently, Reiter RE et al [1], using ISH 
analysis, reported that 97 of 118 (82%) HGPIN specimens stained strongly positive 
for PSCA mRNA. A very similar finding was seen on mouse PSCA (mPSCA) 
expression In mouse HGPIN tissues by Tran C. P et a! [8]. These data suggest that 
PSCA may be a new marker associated with transformation of prostate cells and 
tumorigenesis. 

We observed that PSCA protein and mRNA are highly expressed In a large 
percentage of human prostate cancers. Including advanced, poorly differentiated, 
androgen-lndependent and metastatic cases. Fluorescence-activated cell sorting 
and confocal/ immunofluorescent studies demonstrated cell surface expression of 
PSCA protein in Pea cells [9]. Our IHC expression analysis of PSCA shows not only 
cell surface but also apparent cytoplasmic staining of PSCA protein In Pea 
specimens (Figure 1). One possible explanation for this Is that antl-PSCA antibody 
can recognize PSCA peptide precursors that reside in the cytoplasm. Also, it is 
possible that the positive staining that appears in the cytoplasm is actually from 
the overlying cell membrane [5]. These data seem to Indicate that PSCA is a novel 
cell surface marker for human Pea, 

Our results show that elevated level of PSCA expression correlates with high grade 
(i.e. poor differentiation), Increased tumor stage and progression to androgen- 
Independence of Pea. These findings support the original IHC analyses by Gu Z et al 
[9], who reported that PSCA protein expressed in 94% of primary Pea and the 
Intensity of PSCA protein expression increased with tumor grade, stage and 
progression to androgen-lndependence. Our results also collaborate the recent 
work of Han KR et al [10], in which the significant association between high PSCA 
expression and adverse prognostic features such as high Gleason score, seminal 
vesicle Invasion and capsular involvement In Pea was found. It is suggested that 
PSCA overexpresslon may be an adverse predictor for recurrence, clinical 
progression or survival of Pea. Hara H et al [11] used RT-PCR detection of PSA, 
PSI^A and PSCA in 1 ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa patients, each PCR indicated the 
prognostic value in the hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PCR indicated lower disease-progression-free survival 
than those with negative PSCA PCR, demonstrating that PSCA can be used as a 
prognostic factor. Dubey P et al [12] reported that elevated numbers of PSCA + 
cells correlate positively with the onset and development of prostate carcinoma 
over a long time span In the prostates of the TRAMP and PTEN +/- models 
compared with its normal prostates. Taken together with our present findings, in 
which PSCA is overexpressed from HGPIN to almost frank carcinoma, it is 
reasonable and possible to use increased PSCA expression level or Increased 
numbers of PSCA-positive cells in the prostate samples as a prognostic marker to 
predict the potential onset of this cancer. These data raise the possibility that PSCA 
may have diagnostic utility or clinical prognostic value in human Pea. 

The cause of PSCA overexpresslon in Pea Is not known. One possible mechanism is 
that it may result from PSCA gene amplification. In humans, PSCA Is located on 
chromosome 8q24.2 [1], which is often amplified in metastatic and recurrent Pea 
and considered to Indicate a poor prognosis [13:15]. Interestingly, PSCA is in close 
proximity to the e-myc oncogene, which is amplified in >20% of recurrent and 
metastatic prostate cancers [16,17]. Reiter RE et al [18] reported that PSCA and 
MYC gene copy numbers were co-amplified In 25% of tumors (five out of twenty), 
demonstrating that PSCA overexpresslon is associated with PSCA and MYC 
coamplification in Pea. Gu Z et al [9] recently reporteted that in 102 specimens 
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available to compare the results of PSCA immunostaining with their previous mRNA 
ISH analysis, 92 (90.2%) had identically positive areas of PSCA protein and mRNA 
expression. Taken together with our findings, In which we detected moderate to 
strong expression of PSCA protein and mRNA in 34 of 40 (85%) Pea specimens 
examined simultaneously by IHC and ISH analyses, it is demonstrated that PSCA 
protein and mRNA overexpressed in human Pea, and that the increased protein 
level of PSCA was resulted from the upregulated transcription of its mRNA. 

At present, the regulation mechanisms of human PSCA expression and its biological 
function are yet to be elucidated. PSCA expression may be regulated by multiple 
factors [18]. Watabe T et al [19] reported that transcriptional control is a major 
component regulating PSCA expression levels. In addition, induction of PSCA 
expression may be regulated or mediated through cell-cell contact and protein 
kinase C (PKC) [20], Homologues of PSCA have diverse activities, and have 
themselves been involved in carcinogenesis. Signalling through SCA-2 has been 
demonstrated to prevent apoptosis in immature thymocytes [21]. Thy-1 is involved 
in T cell activation and transducts signals through src-like tyrosine kinases [22]. 
Ly-6 genes have been implicated both in tumorigenesis and in cell-cell adhesion 
[23:25]. Cell-cell or cell-matrix interaction is critical for local tumor growth and 
spread to distal sites. From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role in stem/progenitor cell 
function, such as self-renewal (i.e. anti-apoptosis) and/or proliferation [1]. Taken 
together with the results in the present study, we speculate that PSCA may play a 
role in tumorigenesis and clinical progression of Pea through affecting ceil 
transformation and proliferation. From our results, it is also suggested that PSCA as 
a new cell surface antigen may have a number of potential uses in the diagnosis, 
therapy and clinical prognosis of human Pea. PSCA overexpresslon in prostate 
biopsies could be used to identify patients at high risk to develop recurrent or 
metastatic disease, and to discriminate cancers from normal glands in 
prostatectomy samples. Similarly, the detection of PSCA-overexpressing cells in 
bone marrow or peripheral blood may Identify and predict metastatic progression 
better than current assays, which Identify only PSA-positlve or PSMA-posltive 
prostate cells. 

In summary, we have shown in this study that PSCA protein and mRNA are 
maintained in expression from HGPIN through ail stages of Pea in a majority of 
cases, which may be associated with prostate carcinogenesis and correlate 
positively with high tumor grade (poor cell differentiation), advanced stage and 
androgen-independent progression. PSCA protein overexpresslon is due to the 
upregulation of its mRNA transcription. The results suggest that PSCA may be a 
promising molecular marker for the clinical prognosis of human Pea and a valuable 
target for diagnosis and therapy of this tumor. 
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Abstrect 

Translation inWalion is regidated in response to 
nutrient avaHabllity and mftogenic sttmulation and is 
coupled with cell cycle progression and cell growth. 
Several alterations bi translatlonal control occur In 
cancer. Variant mRNA sequences can alter the 
transiationai efflcienGy of individual mRNA molecules, 
which in turn play a role in cancer biology. Changes in 
the expression or availability of components of the 
translatlonal machinery and in the activation of 
translation through signal transduction pathways can 
lead to more global changes, such as an increase in 
the overdli rate of protein synthesis and translational 
activation of the mRNA molecules involved in cell 
growth and proliferatioa We review the t>aslc 
principles of translational control, the alterations 
encountered hi cancer, and selected therapies 
targeting translation Initiation to help elucidate new 
therapeutic avMues. 

Introduction 

The fundamental principle of molecular therapeutics in can- 
cer is to exploit the differences in gene expression between 
cancer cells and normal cells. With the advent of cDNA anray 
technology, most efforts have concentrated on Identifying 
differences In gene expression at the level of mRfsIA, which 
can be attributable either to DMA amplification or to differ- 
ences In transcription. Gene expression is quite compHcated, 
however, and Is also regulated at the level of mRNA stability, 
mRNA translation, and protein stabiPity. 

The power of translational regulation has been best recog- 
nized anrwng developmental biologists, ba^ause transcription 
does not occur in early embryogenesis in eulcaryotes. For ©c- 
ample, In Xdnopus, the period of transcriptional quiescence 
continues until the embryo reaches midblastula transition, the 
4000-celi stage. Therefore, all necessary mRNA molecules are 
transcribed during oogenesis and stocl<pned in atransiationally 
inactive, maslced forni. The mRNA are translationany acfivated 
at appreprlate times during oocyte maturation. fertilizBtion, and 



early embryogenesis and thus, are under strict translalionai 
control. 

Translation has an established role in cell growth. Basi- 
cally, an increase In protein synthesis occure as a conse- 
quence of mitogenesls. Until recently, however, little was 
known about tiie alterations in mRNA translation in cancer, 
and much Is yet to be discovered about their role in the 
devetopment and progression of cancer, l^ere we review the 
basic principles of translatlonal contml, ttie alterotlona en- 
countered in cancer, and selected thoapies targeting transla- 
tion Initiatibn to elucidate potential new therapeutic avenues. 

Basic Principles of Translational Control 
Mechanism of rnaitsfatfon InttrnVon 
Translation Initiation Is the main step in tanslali^ 
Translatbn initiation is a complex process in which the initiator 
tRNA and the 40S and 60S ribosomal subunits are recnjited to 
the 5' end of a mRNA molecule and assembled by eutcaryotic 
translation initiation fBdona into an 80S ribosome at the start 
codon of the mRNA (!Rg. 1). The 5' end of eulcaryollc mRNA te 
capped, /.a, contains the cap staicture m^GpppN (7-methyl- 
guanoslne-triphospho-S'Hibonudeoside). Most translation in 
eukaryotes occurs in a cap-dependent fashton. /.&, the cap Is 
spedficaliy recognised by the elF4E,^ which bMs the 5' cap. 
The elF4F translation initiallon comply is then formed by the 
assembly of eiF4E, the RNA heiicase elF4A, and elF4G. a 
scaffolding proton that mediates the blinding of the 40S ribo- 
somal subunit to the mRlvJA molecule through interaction with 
the elF3 protein present on the 40S ribosome. elF4A and elFW 
partidpate In nielting tfie secondary stnjcture of the 5' UTR ^ 
the mRNA. The 43S initiation complex (40S/elF2/ry/let-tRNA/ 
GTP comple)0 scans the mRNA in a 5'->3' direction until it 
encounters an AUG start codon. This start codon Is then base- 
paired to the antlcodon of initiator tRIM, fonning the 488 initi- 
ation complex. The initiatton factors are then displaced from the 
488 complex, and the 60S ribosome Joins to fomi the 80S 
ribosome. 

Unlike most eukaryotic translation, translation Initiation of 
certain mRNAs. such as the plcomavims RNA, is cap inde- 
pendent and occure by htemal ribosome entry. This mecha- 
nism does not require elF4E Qtiier the 43S complex can bind 
the Initiation codon directly through Interaction with the IRES in 
the 5' UTR such as in the encephalomyocanJitIs vkus, or it cart 
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Bg. h Translation inHiatjon In eukaryotes. The 4E-BPs are hyperphos- 
phorylated to release elF4E so that it can Interact with the 6' cap, and the 
elF4F friMation complex is assembled. The Interaction of poly(A) binding 
protein with the Initiatfon complex and circularization of the mRNA is not 
depicted In the diagram. The secondary stnicture of the 5' UTR Is melted, 
the 40S ribosomal subunit is bound to elF3, and the ternary complex 
oonsisling of elF2. OTP, and the Met-tRNA we recniited to the mRNA. The 
ribosome scans the mRNA in a 5'->3' direction until an AUG start codon 
18 found in tho appropriate sequence context. TTie initiation factors are 
released, and the large ribosomal subunit is recruited. 



InltialV attach to the IRES arKJ then reach tt^ 

scanning or transfer, as Is the case with the poliovirus (1). 

Regulation of TmnslaVon Inlflanon 

Translation Initiation Can be regulated by alterations In the 
expression or phosphorylation status of the various Actors 
Involved. Key components In translatlonal regulation that 
may provide potential therapeutic targets follow. 

elF4E. elF4E plays a central role In translation regulation. 
It Is the least abundant of the Initiation factors and is con- 
sidered the rate-limiting component for initiation of cap- 
dependent tronslaUoa elF4E may also be Involved In mRNA 
splldng, mRf*4A 3' processing, and mRNA nucteocytopias- 
mlc transport (2). elF4E expression can be Increased at the 
transcriptional level In response to serum or growth factors 
0). elF4E overexpresslon may cause preferential translation 
of mRNAs containing excessive secondary structure In their 
5' UTR that are normally discriminated against by the trans- 



lational machinery and thus are Inefficiently translated (4-7). 
As examples of this, overexpresslon of elF4E promotes In- 
creased translation of vascular endothelial growth factor, 
fibroblast growth fector-2, and cyclln D1 (2, 8, 9). 

Another mechanism of control is the regulation of elF4E 
phosphorylation. elF4E phosphorylation is mediated by the 
mitogen-activated protein Mnase-interactlng kinase 1 , which 
is activated by the mitogen-activated pathway activating 
extracellular signal-related kinases and the stress-activated 
pathway acting through p38 mitogen-activated protein ki- 
nase (10-13). Several mitogens, such as seruni, platelet- 
derived growth factor, ephJemnal growth factor. Insulin, 
angiotensin 11, src kinase overexpresslon, and ras over- 
expression, lead to elF4E phosphorylation (14). The phos- 
phorylation status of eiF4E Is usually comelaled with the 
translatlonal rate and growth status of the cell; howeven 
elF4E phosphorylation has also been obeyed in response 
to some cellular stresses when translatlonal rates actually 
decrease (15). Thus, further study Is needed to understand 
the effects of elF4E phosphorylatbn on elF4E activity. 

Another mechanism of regulation is the alteration of elF4E 
availability by the binding of eiF4E to the elF4E-blnding pro- 
teins (4E-BP. also known as PHAS-I). 4E-BPs compete vyrlth 
elF4Q for a binding site In elF4E The binding of elF4E to the 
best characterized elF4E-bindlng protein, 4E-BP1, te regu- 
lated by 4E-BP1 phosphorylatton. HypophosphoiyiatBd 4E- 
BP1 binds to elF4E, v/hereas 4E-BP1 hyperphosphorylalton 
decreases this binding. Insulin, angiotensin, epidenmal 
grovt^ factor, platelet-derived growth factor, hepatocyte 
growth fector, nerve growth factor, insulin-like growth factors 
I and II, InterieuWn 3, granulocyte-macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
all been reported to Induce phosphorylation of 4E-BP1 and 
to decrease the ability of 4E-BP1 to bind elF4E (15. 16). 
Conversely, deprivation of nutrients or growth factors results 
in 4E-6P1 dephosphorylation, an Increase In elF4E binding, 
and a decrease in cap-dependent translation. 

p70 S6 Kinase. Phosphorylation of ribosomal 408 pnstein 
S6 by S6K Is thought to play an Important role In translatlonal 
regulatk>n. S6K mouse embryonfo cells prollfsrate more 
slowly than do parental cells, demonstrating that S6K has a 
positive Influence on cell proliferation (17). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
oTigopyrinikJRne tract (5' TOP) found at the 5' UTO of ^ 
protein mRNAs and other mRNAs coding for components of 
the translatlonal machinery. Phosphorylatton of S6K regu- 
lated in part based on the avaOabUity of nutrients (18» 19}andis 
stimulated by several gnowth factors, such as piatelet<lerived 
growth ^or and Insulin-like growth factor I (20). 

elF2a Phosphorylation. The binding of the Initiator tRNA 
to the smalt ribosomal unit is mediated by translatton Initia* 
tlon factor elFZ Phosphorylatton of the o-subunlt of elF2 
prevents Ibmfiatton of the elR2A3TP/Met-tRNA complex and 
inhibits global protein synthesis (21, 2^. elF2a phospho* 
rylated under a variety of conditions, such as viral Infection, 
nutrient deprivation, heme deprivation, and apoptosls (22). 
elF2a Is phosphorylated by heme-regulated inhibitor, nutrient* 
regulated prt)teln kinase, and the IFN-induced, double- 
stranded RNA-activated protein kinase (PKR; Ref. 23). 
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The mTOR Sgnaling Pathway. The macrollde antibiotic 
rapamycfri ^iraHmus; Wyeth-Ayerst Research, Collegevilie. 
PA) has been the subject of intensive shidy because it in- 
hibits signal transduction pathways invoived in T-cell activa- 
tion. Tlia rapamycln-sensitive component of these pathways 
is mTOR (also called FRAP or RAFT1). mTOR is the mam- 
malian homoiogue of the yeast TOR proteins that regulate 
progression and translation in response to nutrient availabil- 
ity (24). mTOR Is a serine-threonine icinase that modulates 
twslation initiation by altering the phosphorylation status of 
4E-BP1 and S6K (Rg. 2; Ref. 25). 

4E-BP1 is phosphorylated on multiple residues. mTOR phos- 
phorylates ttie Thr-37 and Thr-46 residues of 4E-BP1 hi vitro 
however, phosphorylation at these sites is not associated 
with a loss of eIRE binding. PhosphorylaUon of Thr-37 and 
Ihr^ is required for subsequent pho^Dhorylation at severed 
COOI+tenninai, serum-sensitive sites; a combination of these 
phosphorylation events appears to be needed to inhibit the 
binding of 4&BP1 to eiF4E (2^ The pnxluct of the ATM gene, 
p3B/MSK1 pathway, and protein kfriase Cor also play a role in 
4E-BP1 phosphorylation (27-29). 

S6Kand 4E-BP1 are also regulated, in part, by PI3K and its 
downstream protein icinase Aid. FTBi is a phosphatase that 
negatively regulates PI3K signaling. PTEN null cells have 
constltutively active of Akt, witti increased S6K activity and 
S6 phosphorylation (30). S6K activity Is inhibited t}oth by 
PI3K Inhibitors wortmannin and LY294002 and by mTOR 
Inhibitor rapamycin (24). Akt phosphorylates Ser-2448 in 
mTOR in vitro, and this site is phosphorylated upon Akt 
activation fn )4vo 01-33). Thus, mTOR is regulated by the 
Pi3K/Akt pathway; however, this does hot appear to be the 
only mode of regulation of mTOR activity. Whether the Pi3K 
pattiway also regulates S6K and 4E-BP1 phosphorylation 
independent of mTOR is controversial. 

Interestingly, mTOR autophosphorylatfon is blocked by wort- 
mannin kxit not by rapamycin (34). This seeming inconsistency 
suggests ttiat mTOR-responsive regulation of 4E-BP1 and S6K 
activity occurs through a mechanism otiier than Nitrlnsto mTOR 
kinase activity. An alternate pathway for 4E-BI^ and S6K phos- 
phorylation mTOR activity is l>y ttie inhibition of a phospha- 
tasa Treatment wtth calyculin A, an inhltntor of phosphatases 1 
and 2A, reduces rapamydn-induoed dephosphorylation of 4E- 
BP1 and S6K by rapanrydn (35). PP2A interacts witti fuli-tengtti 
S6K but not with a S6K mutant ttiat is resistant to dephospho- 
rylation resulting from rapamycin. mTOR phosphorylates PP2A 
ti vitro; however, how this process alters PP2A activity is not 
known. These results are consistent witti the nrKxJel tl^ phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycin block inhibition of tiie phosphatase by 
mlOK 

Polyadenylation. The poly(A) tail In eukaryotlc mFtNA is 
important in enhancing trar^lation initiation and mRI^ sta- 
bility. Polyadenylation plays a key role in regulating gene 
expression during oogenesis and early embryogenesis. 
Some mRNA that are translationaliy inactive in the oocyte are 
polyadenyiated concomitantly with translational activation in 
oocyte maturation, whereas other mRNAs that are transla- 
tionaliy active during oogenesis are deadenylated and trans- 
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Fig. 2, Regulation of trsnstation initiation tyy signal transduction potti- 
ways. SlgnaOng via pSS. adrBceOular slgnaNstatod kinasa, PI3K, and 
mTOft can an activate translation Initiation. 



iationally silenced (36-38). Thus, conti^ of poly(A) tail syn- 
thesis is an important regulatory step in gene expression. 
The 5 ' cap and poiy(A) tail are tiiought to function synergls- 
tically to regulate mRNA translational efficiency (39, 4(Q. 

RNA Packaging. Most RNA-blnding proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining ttie tituislationai late of the transcdpt (41). A highly 
consented family of Y-box proteins is found in cytoplasmic 
messenger ribonucleoprotein particles, where the proteins 
are tiiought to play a role In restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-associated protein, YB-1, destabilizes the Interaction 
of eiF4E and the 5' mRNA cap in vitro, and overexpression of 
YB-1 results In translational repression in vivo (44). Thus, 
alterations in RNA packaging can also play an important role 
in translational regulation. 

Translation Alterations Encountered In Cancer 

Three main alterations at tiie translational level occur in cancer 
variations In mRNA sequences ttiat increase or decrease trans- 
lational efficiency, changes In the expression or availability of 
components of the translational machinery, and activation of 
translation through abenantiy activated signal transduction 
patiiways. The first alteration affects tiie translation of an indi- 
vMual mRNA that may play a role In carcinogenesis. 1he sec- 
ond and third alterations can lead to more global changes, such 
as an increase in tiie overall rate of protein syntiiesis, and ttie 
translational activation of several mRNA spedes. 

Variations In mRNA Sequence 
Variations in mRNA sequence affect the translational effi- 
ciency of the transcript A brief description of tfiese variations 
and examples of each mechanism follow. 

Mutations. Mutations in the mRNA sequence, especially 
in the 5' UTR, can alter its translational efficiency, as seen in 
tiie following examples. 



c^njfa Salto of a/, proposed that translation of full-lengtti 
(Hvyc is repressed, whereas In several Biffkitt lymphomas 
that have deletions of the mRNA 5' UTR, translation of omyc 
is nrtore efficient (45). More recently, it was reported that the 
5' UTR of o-myc contains an IRES, and thus c-myc transla- 
tion can be initiated by a cap-Independent as well as a 
cap-dependent mechanism (46, 47). In patierits with multiple 
myeloma, a C->T mutation In the c-myc IRES was Identified 
(48) and found to cause an enhanced initiation of translation 
via internal ribospmal entry (49). 

BRCAU A somatic point mutation (117 G->C) in position 
-3 with respect to the start codon of the B/7C/\7 gene was 
identified In a highly aggressive sporadic breast cancer (50). 
Chtmerfc constmcts consisting of the wild-type or mutated 
BRCA1 5' UTR and a downstream ludferase reporter dam- 
(mtratedadecreaseinthetransiattonaiGffteiencywit^ 
UTR mutation. 

CycHn-dependent Kinase Inhibitor 2A. Some Ir^^ed 
melanoma kindreds have a Q-^T transversion at base -34 
of cycGn-dependent Idnase inhibltor-2A, which encodes a 
cyclln-dependent kinase 4/cyclin-dependent kinase 6 kinase 
inhibitor Important In checkpoint regulation (51). This 
mutation, gives rise to a novel AUG translation Initiatton 
codon, creating an upstream open reading frame that com- 
petes for scanning ribosomes and decreases translation 
liom the wild-type AUG. 

Aftemate Splicing and Alternate Transcription Start 
Sites. Alterations In splicing and altemate transcription sites 
can lead to variations ^ 5 ' UTR sequence, length, and second- 
ary strudura, ultimately impacting transiatbnal efficiency. 

ATM. The ATTVf gene has four rK>nooding exons In its 5' 
UTR that undergo extensive alternative splicing (52). The 
contents of 12 different 5' UTRs that show considerable 
diversity in length and sequence have been identified. These 
divergent 6' leader sequences play an Important role in the 
translatlonal regulatk)n of the ATM gene. 

tmkn. In a subset of tumors, ovefexpressk)n of the onco- 
protein mdnri2 results In enhanced translation of the imAn2 
mRNA. Use of different promoters leads to two mcfrn2 tran- 
scripts that differ only m their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRIMA Is loaded with ribosomes inefficiently compared with 
the short 5' UTR. 

BRCAt. In a normal mammary gland. BRCA1 mRIMA Is 
expressed with a shorter leader sequence (5'UTR£0, whereas 
In sporadic breast cancer tissue, BPOA1 mRIMA is expressed 
with a longer leader sequence (5' UTRb); the translatlonal 
efficiency of transcripts containing 5' UTRb is 10 times lower 
than that of transcripts containing 5' UTRa (54). 

mF-fi^ TGF-P3 mRNA includes a 1.1-kb 5' UTR, which 
exerts an inhibitory effect on translatkm. Many human breast 
cancer cell Ones contain a novel 7GF-^^ transcript with a 5' 
UTR that is 870 nucleotides shorter and has a 7-f6ld greater 
transla«onal efficiency than the nomrial TQF-p3 mRNA ^6). 

Alternate Polyadenylatlon Sites. I^ultipte poiyadenyt- 
atlon signals leading to the generation of eeveral transcripts 
with differir^ 3' LTTR have been described for sev«^ mRNA 
species, such as the RET proto-oncogene (56), ATM gene 
tissue Inhibitor Qf metaltoproteinases-3 (57), RHDA 



proto-oncogene (5Q. and calmodulin-l (59). Although the 
eff^ of these aKemate 3' UTRs on translation is not yet 
known, they may be important In RNA-proteIn Interactions 
that affect translatlonal recruitment The role of these alter- 
ations In cancer development and progression is unicnown. 



Alterattons In tho Components of the 
TimslaUon Machinery 

Atterations In the components of translation machinery can 
talce many fomns. 

Overexpressslon of elF4E. Overexpresslon of elF4E 
causes malignant transfonnation In rodent cells (60) and the 
deregulation of HeLa cell growth (61). Polunovsicy et al. (62) 
found that elF4E overexpresslon substitutes for serum and 
Individual growth factors In presendng viability of fibroblasts, 
which suggests that elP4E can mediate both proliferative and 
sun^lval signaling. 

Elevated levels of elF4E mRIMA have been found in a broad 
spectnjm of transfbnned ceO Hnes (63). elF4E levels are 
elevated in all ductal carcinoma fn situ specimens and Inva- 
sive ductal carcinomas, compared with ttenign breast spec- 
imens evaluated with Western Wot analysis (64, 65). Prelim- 
inary studies suggest that this overexpresslon Is attributable 
to gene amplification (66). 

There are aocumulaHng data suggesting that elF4E overex- 
presslon can be valuable as a prognostic marker. eiF4E over- 
expression was found in a retrospective study to be a mart<er of 
poor prognosis In stages I to III breast carcinoma (67). Verifica- 
tion of the prognostic value of eIF4E In brsast cancer Is now 
under way In a prospective trial (67). However, In a different 
study, elF4E expression was coneiated with the aggressive 
behavior of non-Hodgkbn's lymphomas m a prospective 
analysis of patiehts vvith heed and nedc cancer, elevated levels 
of elF4E In hlstologicaDy tumor-free surgical margins predicted 
a significantly increased risl< of local-negional recunence @). 
These results aH suggest that elF4E overexpresslon can be 
used to select pattents who rnigM benefit from more aggressive 
systemic therapy. Furthennore, the head and neck cancer data 
suggest tiuct e{F4E overexpresslon is a field defect and can be 
used to gukle kx:al therapy. 

Alterattons in Other Initiation Factors. Alterations in a 
number of other Initiation factors have been associated with 
cancer. Overproduction of elF4G, similar to elF4E, leads to 
malignant transfonnation in vitro (69). elF-2a Is found in 
increased levels in bronchioloaWeolar carcinomas of the lung 
(3). initiation factor elF-4A1 is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunit of 
translation Initiation factor 3 1$ amplified and overexpressed 
In breast and prostate cancer (72), end the elF3-p1 10 subunit 
Is overexpressed in testicular senrdnoma (73). The rote that 
overexpresslon of these Initiation factors plays on the devel- 
opment and progression of cancer, if any, is not known. 

Overexpresslon of 86K. S6K is amplified and highly 
overexpressed In the MC^ fc>reast cancer cell line, com- 
pared with normal mammary epithelium (74). In a study by 
Bariund et al, (74), S6K was amplified In 59 of 668 primary 
breast tumors, and a statistically significant association vras 
observed between amplification and poor prognosis. 
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Overexpresslon of PAP. PAP catalyzes 3' poly(A} syn- 
thesis. PAP is overexpressed In human cancer cells com* 
pared with nomial and virally transftwmed cells (75). PAP 
enzymatic activity In k>reast tumors has been correlated with 
PAP protein levels (7Q and. In mammary tunnor cytosols, was 
found to be an Independent factor for predicting sun^lval 
Uttle 1$ known, however, about how PAP expression or ac- 
tivity affects the translational proflie. 

Alterations in RNA-blndlng Proteins. Even less is known 
about atterertlons In RNA packed in cancer, increased ex- 
piesslon and nuclear locallzatton of the RNA-bindng protein 
YB-1 are Indcators of a poor prognosis for breast cancer (77), 
non-smaO cefl lung cancer (7Q, and ovarian cancer (79). How- 
ever, this effect nriay be mediated at least In pait at the ieve^ 
transcription, because YB-1 Increases chemoreslslancefcyyen- 
handng the transcriptfon of a rnultUrug resistance gene 



AcUvaUon of Signal Transductkm Pathways 
Activatton of signal transduction pathways by bss of tumor 

suppressor genes or overexpresslon of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
Important,,nriutant in human cancers Is the tumor suppressor 
gene P7BV, wi^ leads to the activatkm of the Pi3K/Akt pat)^ 
weqr- Activatbn of Pi3K and Akt Induces the oncogenic trans- 
forniatkin of ct^cken embryo fibroblasts. The tronsforn^ 
show constitutive phos(^iorytatk>n of S6K and of 4B-BP1 ^1). 
A mutant Akt tiiat retains kinase activity but does not phos- 
phorylate iS6K or 4E-BP1 does not transfbmi fibroblasts, which 
suggests a corr^latfon between the oncogenicity of PI3K and 
Akt and the phosphorylation of S6K and 4E-BP1 (81). 

Several tyrosine kinases such as piateiet-dedved growth 
factor, Insulln-tIke growth factor, HER2/neu, and epidenmal 
growth toctor receptor are overexpressed in cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation initiation, activation 
of translation is likely to contribute to the growth and aggres- 
siveness of these tunrK>rs. Furthemnore, the mRf^A for many 
of these Kinases themselves are under translational control. 
For example, HER2/neu mRhJA is translationally controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation in a ceil type-independent manner and 
by a distinct cell type-dependent mechanism that Increases 
franslatlonal efficiency (82). HER2/neu translation Is different 
In transfomrted and nomnal cells. Thus, It Is possible that 
alterations at the translational level can In part account for 
the discrepancy between HER2/neu gene amplification de- 
tected by fluorescence /nsftu hybridization and protein levels 
detected by Immunohlstochemlcal assays. 



Translation Targets of Selected Cancer Therapy 

Components of the translation machinery and signal path* 
vi^ays Involved In tfie activation of translation Initialton repre- 
sent good targets for cancer therapy. 

Targeting the mTOR Signaling Pathway: Rapamydn 
and Tumstatin 

RapamycIn Inhibits the proliferation of lymphocytes, it was 
initially developed as an Immunosuppressive drug for organ 



transplantation. Rapamydn with FKBP 12 (FK50&-blndlng 
protein, M, 12,000) binds to mTOR to inhibit its functton. 

RapamycIn causes a small but significant reduction In tfie 
Initiadon rate of protein synthesis (83). it blocks cell growth In 
part by blocking 86 phosphorylation and selectively op- 
pressing the translatkm of 5' TOP mFtNAs, such as ribosomal 
proteins, and elongation ^ors (83-85). Rapamydn also 
blocks 4E-BP1 phosphorylation and Inhibits cap-dependent 
but not cap-independent translatton (17, 86). 

The rapamydn-sensitive signal transduction pathwsyt acti- 
vated during malignant transfonmatkm and cancer progresston. 
Is now being studied as a target for cancer therapy ^7). Pros- 
tate, breast, siraO cell lung, c^tobiastonria, rnela^^ 
leukerr^ are among the cancer lines most sensitive to ttie 
rapannydn anatogue CCI-779 (VVyeAh-AyerSt Research; Ref. 
87).lnrtiabdomyoosarcx)maceII lines, rapamydn Is eiti>er cyto- 
static or cytoddal, depending on the p53 status of the ceO; p63 
wlki-type ceOs treated wHh rapannydn arrest In the phase 
and maintain their viabliity, whereas p53 mutant cells accumu- 
late InG^ and undergo apoptosis (88, 89). In a recently reported 
study using human printitive neuroectodermal tumor and 
medulioblastoma models, rapamydn exhibited more cytotox- 
kdty In comt)lnalk)n with ds p lat l n and camjstottiecin ttian as a 
sbigte agent In vto, CCh779 delayed growth of xenografts l>y 
160% after 1 week of therapy and 240% after 2 weeks. A single 
high-dose admlnlstratton caused a 37% decrease in tumor 
vduma Growth lniA)ltk>n h vto was 12 tinies greats*, with 
dsplatin in combination with CCI-779 than with dspiatin atone 

(90) . Thus, predinteat studies si^gest tfiat rapamydn ana- 
k>gues are useful as single agents and fai combination with 
cherrK>therapy. 

Rapamydn analogues 001-779 and RAD001 (Novartis, 
Basel, Switzerland) are now In dintoal trials. Because of the 
known effect of rapamydn on lymphocyte prdiferatk>n, a 
potential problem with rapamydn analogues is Immunosup- 
pression. However, although jsrotonged Immunosuppression 
can result from rapamydn and 001-779 administered on 
conlinuouS'<tose schedules, the immunosuppressive effects 
of rapamydn analogues resolve In --24 h after therapy 

(91) . The prindpai toxicities of 001-779 have Induded der- 
matologlcai toxicity, myetosuppresslon. infection, mucositis, 
diarrhea, reversible elevations in liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
92-^). Phase II trials of 001-779 have been conducted in 
advanced renal cell cardnoma and In stage III/IV breast 
carcinoma patients who failed with prior chemotherapy, in 
the results reported in at>stract form, although there were no 
complete responses, partial responses were documented in 
both renal cell carcinoma and In breast carcinoma ^4, 95). 
Thus, OCI-779 has documented preliminary dlnlcai activity In 
a prevtousty treated, unselected patient populatton. 

Active Investigation Is under way Into patient selection for 
mTOR Inhibitors. Several studies have found an enhanced 
efficacy of 001-779 In PTEN-null tumors (30, 06). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCi-779, although only two of these lines 
lacked PTEN (97) TTiere was, however, a positive conrelation 
between Akt activation and OCi-770 sensitivity (97). This 
correlation suggests that activatton of the PI3K-Akt p^way. 
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regardless of whether K is attributable to a PTEN mutation or 
to over^cpresslon of receptor tyrosine kinases, makes can- 
cer cell amenable to mTOR-dlrected therapy. In contrast, 
lower levels of the target of mTOR, 4E-BP1, are assodated 
with rapamydn resistance; thus, a lower 4E-BP1/eiF4E ratio 
may predict rapamydn resistance (98). 

Another mode of activity for rapamydn and its anabgues 
appears to b9 through Inhibition of anglogenesis. This actlv- 
i^ may be both through direct inhibition of endothelial ceil 
proltferBtkm as a result of mTOR Inhibition In these cdls or by 
Inhibition of translation of such proanglogenic factors as 
vascular endothelial growth factor in tumor cells (99, 100). 

The angiogenesis Inhibitor tumstatin, another anticancer 
dnig currently under study, was also found recently to inhibit 
translation In endothelial cells (101). Through a requisite in* 
teraction with Integrin, tumstatin inhibits activation of the 
PI3K/Akt pathway and mTOR in endothelial ceils and pre- 
vents dissodation of eiF4E from 4E-BP1, thereby Inhibiting 
cap-dependenit translation. These findings suggest that en* 
dothelial cells are espedally sensitive to therapies targeting 
the mTOR-eignatIng pathway. 



Targettfg elF2a: EPA, Cfofirfmazole^ mda'7, 
BndFlavonokis 

EPA is an n-3 polyunsaturated fatty add found in the fish- 
based diets of populations having a tow Inddence of cancer 
(102). EPA Inhibits the prdiferation of cancer cdls (103), as 
well as in animal models (104, 105). It blocks cell division by 
inhibiting translation initiation (105). EPA releases C&^* from 
intracellular stores while inhibiting their refilling, thereby ac- 
tivating PKR. PKR, in turn phosphorylates and Inhibits elF2a, 
resulting in the inhibition of protein synthesis at the level of 
translation Initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent /n vitro and In vivo. Inhibits cell growth through 
depletion of Ca^^ stores, activation of PKR, and phospho- 
rylation of elF2a (106). Consequently, dotrimazole preferen- 
tially decreases the expression of cyollns A, E, and D1, 
resulting in blockage of the cell cycle in 

mda-7 Is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-T (Ad- 
mdaT) induces apoptosis In many cancer cells induding 
breast, colorectal, and lung cancer (107-109). Ad-mda7 also 
Induces and activates PKR, which leads to phosphorylation 
of elF2a and induction of apoptosis (110). 

Flavonolds such as genlstein and quercetin suppress tu- 
mor cell growth. All three mammalian elF2a kinases, PKR, 
heme-iegulated Inhibitor, and PERK/PEK, are activated by 
flavonokis, with phosphorylation of elF2a and inhibition of 
protein synthesis (111). 



Targeting elF4A and elF4E: Antbense RNA 
and Peptides 

Antisense e)cpr6sslon of elF4A decreases the proliferation rate 
of melanoma cells (1 1 ^. Sequestration of eiF4E by overexpres- 
don of 4E-BP1 is proapoptotic and decreases tumorigenidty 
(113, 114). Reduction of eiF4E with antisense RNA decreases 
soft agar growth, increases tumor latency, and Increases the 
rates of tumor doubling tbnes (7). Antbense elF4E RNA treat- 



ment also reduces the expnessk)n of angtogenic fectors (115) 
and has been proposed as a potentia] adjuvant therapy for head 
and neck cancers, particularly when elevated eiF4E is found in 
swgkxd rnarglns. Smdi molecule hhibitors that bind the 
4E-BP1-binding domain of dF4E are proapoptotic (116) and 
are also being actively pursued. 



ExpkMng Selecthfe TtansbMon for Qene Thempy 
A different thenapeutte approach that takes advantage of the 
enhanced cap^Sependent trandatlon in cancer cdls is the use 
of gene therapy vectors encoding suicide genes with highly 
structured 5' l/TR These mRNA wouM thus be at a competitive 
disadvantage In normd ceiis and not translate wdi, whereas In 
cancer cdls, they woiMtrandalerTKTOeffldently. For e)cample. 
the introdudkxt of the 5' irm of fibroblast grovi^ fECtor^ 
the coding sequence of Aierpess^rrpfeoritofype-t thymldino 
/dhase gene, allows for selective trandaticm of herpes simfilex 
vims type-1 thymidine kinase gene In breast cancer cdl Ones 
compared with normd mammaiy ceO lines and results In se- 
lective sensitivity to ganddovbr (117). 



Toward the Future 

Transtafion Is a crudd process in every cdL However, several 
alterations In translatond oorttrd occur in ca^^ 
appear to need an atienarTtly activated trandationd state for 
siffvivd, thus allowing the targeting of trandatk)n initlatbn with 
surpridngly low toxk%. Components of the trandationd ma- 
chinery, such as dF4E, and dgnd transductkm palhwavs In- 
volved In translatton btitlalfon, such mTOR, represerit prorr^^ 
targets for cancer therapy. Inhibitors of the mTOR have dready 
shown some prdlmirwy activity in dinlcd trials, it is posdble 
that with the devdopment of t)etter predictive markers and 
better patient sdection, response rates to single-agent therapy 
can be improved. Similar to other cytostatic agents, however, 
mTOR inhibitors are most likely to achieve dinlcd utility in 
combination therapy. In the Interim, our Increasing understand- 
ing of trandation initiation and dgnd transduction pathways 
prornlse to lead to the identiflcation of new tfierapeutic targds 
in the near future. 
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